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PREFACE. 


Ronrrnson’s Higher Arithmetic has proved its value and utility 
by a thirty-five years’ test, and its plan and features are so well known 
that it seems unnecessary to call attention to them. The present 
edition has been thoroughly revised and reset. Nothing of value or 
merit in the old edition has been discarded, but it has been the aim 
of the revision to completely modernize the book and to make it as 
fully up to date as any of the most recent books published. 

While almost every chapter has been entirely rewritten, and much 
new and valuable matter has been added, the general plan of the 
book has not been disturbed.* 

The work in its present form is intended to complete a well graded 
and progressive series of Arithmetics, and to furnish to advanced stu- 
dents a full and comprehensive text-book on the science of numbers 
—a work that shall embrace those subjects necessary to give the 
pupil a thoroughly practical and scientific arithmetical education. 

As the book is addressed to advanced pupils, the author has 
throughout assumed that the student has an elementary knowledge 
of the fundamental principles of arithmetic. With this as a basis it 
has been possible to treat the subjects in a much more logical and 


scientific way than would be practicable in an elementary work. 
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The following characteristics of a first class text-book will be 
ebvious to all who examine this work: the philosophical and scien- 
tific arrangement of the subjects; clear and concise definitions ; full 
and rigid analyses; exact and comprehensive rules; brief and accu- 
rate methods of operation; the wide range of subjects and the large 
number and practical character of the examples — in a word, scientific 
accuracy combined with practical utility, throughout the work. 

Much labor and attention haye been devoted to obtaining correct 
and adequate information pertaining to mercantile and commercial 
transactions, and the Government Standard units of measures, 
weights, and money. The counting-room, the bank, the insurance 
and broker’s office, the navy and ship-yard, the manufactory, ihe 
wharves, the custom-house, and the mint, have all been visited, and 
the most reliable statistics and the latest statutes have been consulted, 
for the purpose of securing entire accuracy in those parts of this work 
which relate to these subjects and departments. . 

By treating the decimal notation in the very beginning of the book 
as part of the general scheme of Arabic notation, it has been possible, 
at an early stage, to introduce simple practical examples which, in 
most books, do not find a place till near the end of the work. Thus, 
as applications of addition and subtraction will be found examples in ; 
bookkeeping; under multiplication and division examples in accounts 
and bills, surfaces and volumes, involution, as well as simple examples 
in interest, taxes, insurance, exchange, etc. 

Special attention is called to the treatment of the Metric System; 
and to the chapter on Practical Measurements, in which many new 
subjects, such as temperature, specific gravity, etc., have been intro- 
duced, 

The uniformity of plan in the book adds greatly to the ease with 
which the subjects are mastered. When once familiar with the 
arrangement the student knows immediately where to look for and 


PREFACE. 5 


find any special point or detail in any chapter. First he finds a clear 
and logical development of the subject, then a model example with 
the solution, and lastly, the rule. 

It is hoped that this book in its new guise will meet the demands of 
all who require a thorough, scientific training in higher arithmetic — 
such a training as will enable the student to solve, without difficulty, 
any example that may be given on an examination paper, as well as 
those that constantly present themselves for solution in the ordinary 
business of life. 
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GENERAL DEFINITIONS. 


—1o+ — 


1. Quantity is any thing that can be increased, diminished, 
or measured; as distance, space, weight, motion, time. 


2. A Unit is one, a single thing, or a definite quantity. 


8. A Number is a unit, or a collection of units. 


4, The Unit of a Number is one of the collection constituting 
the number. Thus, the unit of 34 is 1; of 34 days it is 1 day. 


§. An Abstract Number is a number used without reference 
to any particular thing or quantity; as 3, 24, 756. 


6. A Concrete Number is a number used with reference to 
some particular thing or quantity; as 3 hours, 24 cents, 786 
miles. 


%. Unity is the unit of an abstract number. 


8. The Denomination is the name of the unit of a concrete. 
aumber; as 1 apple, 1 mile. 


9. A Simple Number is either an abstract number, or a con- 
crete number of but one denomination; as 48, 52 pounds, 36 
days. 


10. A Compound Number is a concrete number expressed in 
two or more denominations; as 4 bushels 3 pecks; 8 rods 4 
yards; 2 feet 3 inches. 


. 11. An Integral Number, or an Integer, is a number which 


expresses whole things; as 5, 12 dollars, 17 men. 
11 
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12. A Fractional Number, or a Fraction, is a number which 
expresses equal parts of a whole thing or quantity; as }, } ot 


a pound, 5; of a bushel. 
Nore.—The Denominator of the frction names the number of parts into which the 
unit {s divided, and the Numerator shc ws how many of these parts are taken in the frac- 


tion. Thus, in 3, 41s the denominator 1nd 3 the numerator. 
13. Decimals are parts obtained by dividing an integer into 
tenths, hundredths, thousandths, etc.; as ;%, or .3, .06 of a mile. 
14. Like Numbers have the same kind of unit, or express the 
same kind of quantity. ‘Thus, 74 and 16, or 74 pounds ancl 16 
pounds, are like numoers; also 4 weeks and 3 days, both being 
used to express units of time. 


15. Unlike Numbers have different kinds of units, or are used 
to express different kinds of quantity. ‘Thus, 36 miles and 15 
days; 5 hours and 5 cents, are unlike numbers. 


16. A Scale is a series of units, increasing or decreasing by 
fixed multipliers or divisors. Thus, 10, 100, 1000, 10000; 
10000, 1000, 100, 10; 12, 144, 1728, are scales. 

17. A Uniform Scale is one in which the multiplier or divisor 
is the same throughout the entire succession of units; as 10, 
100, 1000, 10000; 5, 25, 125, 625. 

18. A Varying Scale is one in which the multiplier or divisor 
is not the same throughout the entire succession of units; as 
the scale of linear measure, 1 in. 1 ft. 1 yd., etc., in which 
the multiplier changes, being 12 from the first unit to the 
second,.3 from the second to the third, etc. 4 


19. A Decimal Scale is one in which the multiplier or divisor 
is uniformly ten; as 10, 100, 1000, 10000, ete. 


“20; Mathematics is the science of quantity. 


21. The two fundamental branches of Mathematics are 
Geometry and Arithmetic. Geometry considers quantity with 
reference to position, form, and extension. Arithmetic con- 
siders quantity as an assemblage of definite portions, and treats 
only of those conditions and attributes which may be investi- 
gated and expressed by numbers. 
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22. Arithmetic is the science of numbers, and the art of com- 
putation. , 


Norr. — When Arithmetic treats of operations on abstract numbers ft is a science, and is 
called Pure Arithmetic. When it treats of operations on concrete numbers it is an-art, 
and is called Applied Arithmetic, Pureand Applied Arithmetic are also called Theoretical 
and Practical Arithmetic, 7 


23. An Equation is an expression of equality between two 
numbers or combinations of numbers. 
24. A Problem is a question to be solved by computation. 


25. A Principle is a general truth taken as a basis for a 
computation. 

26. A Rule is a general direction for solving problems of a 
particular kind. 

27. A Demonstration is a process of reasoning by which-a 
truth or principle is established. 


28. A Solution is a statement showing how a problem is solved. 

29. Analysis, in Arithmetic, is the process of investigating 
principles, and solving problems, independently of set rules. 

30. An Operation is a process in which figures are employed 
to make a computation, or to obtain some arithmetical result. 

31. The Five Fundamental Operations of Arithmetic are, 
Notation and Numeration, Addition, Subtraction, Multiplica- 
tion, and Division. 


SIGNS. 

32. The following are the signs used in Arithmetic: a 
Addition + Tnvolution 33 
Subtraction — . (Square root V~ 
Multiplication x Byelution UCube root -Y 
Division + » ee Parentheses () 
Equality, .,, = Vinculum — 
Ratio - ..; -3 Brackets [] 
Proportion Re Braces {3 


Nore. — Numbers included in parentheses, brackets, or under the vinculum are to be 
considered together and subjected to the same operation. Thus. (S+4)x5, 544x5, [8+4]xd 
and {8+4} x 5 indicate that the sum of 8 and 4, 12, is to be multiplied by 5, wis S+4xb 
means that § is to bo added to 4.x 5, or 20. i 
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AXIOMS. 


33. An Axiom is a self-evident truth. The principal axioms 
required in arithmetical investigations are the following : 


1. If the same quantity or equal quantities are added to equal 
quantities, the sums will be equal. 

Thus, 8+1=4 and 3+1+4+2=442. 

2. If the same quantity or equal quantities are subtracted from 
equal quantities; the remainders will be equal. 

Thus, 3+1=4 and 341—-2=4-—2. 

8. If equal quantities are multiplied by the same number, the 
products will be equal. 

Thus, 8+1=4 and ($41) x2=4x2. 

4. If equal quantities are divided by the same number, the 
quotients will be equal. 

Thus, 3+1=4 and (841) +2=4+2. 

5. If the same number is added to a quantity and subtracted 
Srom the sum, the remainder will be that quantity. 

Thus, 3+1=4 and 4—1=3; or34+1-—-1=3. 

6. If a quantity is multiplied by a number and the product 
divided by the same number, the quotient will be that quantity. 

Thus, 3x 4=12 and 12+4=3; or3x4+4=3. 

7. Quantities which are respectively equal to any other quantity 
are equal to each other. 

Thus, 8 x 2=16 and 4x4=16; hence8 x 2=4 x 4. 


8. Like powers or like roots of equal quantities are equal. 

Thus, 3+1=4 and (841)?=42; V8 +1=V4. 

9. The whole of any quantity is greater than any of its parts. 

Thus, 2+8-+1+4=10 and 10 is greater than 2, 3, 1, or 4. © 

10. The whole of any quantity is equal to the swm of all its 
parts. 

Thus, 2+ 3 + 6 + 6 = 16 and 16 is equal to the sum of all the parts, 


NOTATION AND NUMERATION. 


34. Notation is a method of writing or expressing numbers 
by characters. 


35. Numeration is a method of reading numbers expressed 
by characters. 

86. Two systems of notation are in general use—the Roman 
and the Arabic. 


Nore. —The louan notation {s supposed to have been first used by the Romans, hence 
itsname. The Arabic notation was first introduced into Europe by the Moors or Arabs, 
who conquered and held possession of Spain during the 11th century. It received the 
attention of scientific men in Italy at the beginning of the 18th century, and was soon after- 
ward adopted in most European countries, Formerly it was supposed to be an invention 
of the Arabs; but investigations have shown that the Arabs adopted it from the Hindoos, 
among whom it has been in use more than 2000 years, From this undoubted origin 
it is sometimes called the /ndian notation. 


THE ROMAN NOTATION. 


37. This system employs seven capital letters to express 
numbers. ‘Thus, 
Lerrers I Vv > L Cc D M 


VALUES One Five Ten Fifty One Five One 
Hundred Hundred Thousand 


38. The Roman notation is founded upon five principles, as 
follows : 


'Princieies.—I. Repeating a letter repeats its value. 
Thus, II represents two, XX twenty, CCC three hundred. 
Il. Uf a letter of any value is placed afte» one of greater value, 
tts value is to be united to that of the greater. 
Thus, XI represents eleven, LX sixty, DC six hundred. 
16 
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Ill. If a letter of any value is placed before one of greater 
value, its value is to be taken from’ that of the greater. 

Thus, IX represents nine, XL forty, CD four hundred. 

IV. Jf a letter of any value is placed between two letters, each 
of greater value, its value is to be taken from the united value of 
the other two. 

Thus, XIV represents fourteen, XXIX twenty-nine, XCIV ninety-four. 

V. A bar or dash placed over a letter increases its value one 
thousand fold. 


Thus, V signifies ae and V five thousand; L fifty, and L fifty 
thousand. 


89. The following table shows the method of expressing 
numbers by Roman notation: 


TABLE OF ROMAN NOTATION, 


I= One. XX = Twenty. 
Il = Two. XXI = Twenty-one, 
IiI = Three. XXX = Thirty. 
IV = Four. 
V = Five. 
VI = Six. 
VII = Seven. AO, 
VIL = Eight. GY = Bighty. 
IX = Nine. "XC = Ninety. 
X=Ten. C = One hundred. 
XI = Eleven. CC = Two hundred. 


XII = Twelve. 
XIII = Thirteen. 
XIV = Fourteen. 

XV = Fifteen. 
XVI = Sixteen, 


XVII = Seventeen. 


XVIII = Eighteen. 
XIX = Nineteen. 


D = Five hundred. 
, DC = Six hundred. 
M = One thousand. 


MC = One thousand one hundred. 


MM = Two thousand. 
X = Ten thousand. 


CG = One hundred thousand. 


M = One million. 


Nores.—1. Though the letters used in the above table have been employed as the 
Roman numerals for many centuries, the marks or characters used originally in this notation 
were as follows : 

Primitive characters, St | Vv xX L C N M 
Modern numerals,” I v x L Cc D M 


2. The system of Roman notation is not well adapted to the purposes of numerical cal- 
culation; it is principally confined to the numbering of chapters and sections of books, 
public docuinents} prescriptions for medicines, the numbers on clock dials, ete. 


se 
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Examples. 


40. Express the following numbers by the Roman notation: 


1. Fourteen. 6. Fifty-one. 

2. Nineteen. 7. Kighty-eight. 

3. Twenty-four. 8. Seventy-three. 
4. Thirty-nine. 9. Ninety-five. 

5. Forty-six. 10. One hundred one. 


11. Five hundred fifty-five. 

12. One thousand three. 

13. Twenty thousand eight hundred forty-five. 
14. One hundred thousand seventy-seven. 


THE ARABIC NOTATION. 


41. This system employs ten characters or figures to express 
numbers. 
Figures QO 1... Bese 45 oe GS aoe 
Names*anNpD ] Navght One Two Three Four Five Six Seven Eight Nine 

Vaturs J Cipher 

42. These figures and the numbers they express are called 
the ten Digits. 


Note, —Some authorities do not include the 0 with the digits ; they then kave only nine, 


43. The cipher, or first character, is called naught, because it 
has no value of its own. It is otherwise termed nothing, and 
zero. The other nine characters are called significant figures, 
because each has a value of its own. 


44. The ten Arabic characters are the Alphabet of Arith- 
metic. Used independently, they can express only the nine 
numbers that correspond to the names of the figures 1 to 9. 
But when combined according to certain principles, they serve 
to express all numbers. . 


45. The notation of all numbers by the ten figures is accom- 
plished by the formation of a series of units of different values, 
to which the digits may be successively applied. First, ten 
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simple units are considered together, and treated as a single 
superior unit; then, a collection of ten of these new units is 
taken as a still higher unit; and so on, indefinitely. A regular 
series of units, in ascending orders, is thus formed : 


TABLE OF UNITS. 


Primary units are called units of the first order. 
Ten units of the first order make 1 unit of the second order. 
Ten units of the second order make 1 unit of the third order. 
Ten units of the third order make 1 unit of the fourth order. 


46. The various orders of units, when expressed by figures, 
are distinguished from each other by their location, or the place 
they occupy in a horizontal row of figures. Units of the first 
order are written at the right hand; units of the second order 
occupy the second place; units of the third order, the third 
place; andso on, counting from right to left. 


ORDERS, NAMES. ORDERS. NAMES. 


Ist... . Ones or Units. 8th... . Ten Millions. 
2d..... Tens. 9th... . Hundred Millions, 
8d... . Hundreds. 10th... . Billions. 
4th. . .. Thousands. llth... . Ten Billions. 
bth... . Ten Thousands. 12th... . Hundred Billionw 
6th. . . . Hundred Thousands. 13th... . Trillions. 
ith. ... Millions. , 
x ££ ss 
esses inzs 
3458906021436 


In this notation we observe that — 


1. A figure written in the place of any order expresses as 
many units of that order as are denoted by the name of the 
figure used. Thus, 436 expresses 4 units of the 3d order, 3 
units of the 2d order, and 6 units of the 1st order. 

2, The cipher, having no yalue of its own, is used to fill the 
places of vacant orders, and thus preserye the relative posi- 
tions of the significant figures. ‘Thus, in 50, the cipher shows 
the absence of simple units, and at the same time gives to the 
figure 5 the local value of the second order of units. 
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47. Orders to the right of units represent divisions of a 
unit into tenths, hundredths, thousandths, etc., and are called 
Decimals. 

The first order to the left of units, as we have seen, is tens; the first 
order to the right of units is tenths; thus, 1.5 is one and five tenths. ‘The 

. second order to the right of units is hundredths ; the third order thou- 


sandths, and so on. All orders at equal distances to the right and left of 
units have corresponding names. 


DECIMAL DECIMAL 

ORDERS. NAMES. ORDERS. NAMES. 
Ist ... Tenths. 7th . .. Ten-millionths. 
2d... Hundredths. 8th . . . Hundred-millionths. 
8a... Thousandths. 9th .. . Billionths. 
4th ... Ten-thousandths. 10th . . . Ten-billionths. 
5th ... Hundred-thousandths. llth ... Hundred-billionths. 
6th ... Millionths. 12th . - Trillionths. 


48. Since the number expressed by any figure depends upon 
the place it occupies, figures have two values, simple and local. 


49. The Simple Value of a figure is its value when taken 
alone; thus, 4, 7, 2. 

50. The Local Value of a figure is its yalue when used with 
another figure or figures in the same number. Thus, in 325.4 
the local value of the 3 is 300, of the 2 is 20, of the 5 is 5 
units, and of the 4 is 4 tenths. 

Note. — When a figure oceupies units’ place, its simple and local values are the same, 

51. Che units of the various orders of a number are some- 
times called the Terms of a number. Thus the number 325 
has three terms; 5 is the units’ term, 2 the tens’ term, and 3 
the hundreds’ term. 


Nore —The word term is applied to the figures as well as to the numbers they express. 


52. The leading principles upon which the Arabic notation 
is founded are embraced in the following laws: 


GENERAL LAws.—I. All numbers are expressed by applying 
the ten figures to different orders of wnits. 


'j. The different orders of units increase from right to left, 
and decrease from left to right, in a tenfold ratio. 
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Ill. Bvery removal of a figure one piace to the left, increases 
its local value tenfold; and every ~emoval of a figure one place 
to the right, diminishes its local value tenfold. 

IV. Numbers to the right of the units’ place increase and 
decrease precisely like those to the left, and are separated from the 
units by a decimal point. 

53. Our method of numerating, or naming, groups the suc- 
cessive orders into periods of three figures each, there being 
three orders of thousands, three orders of millions, and so on 
in all higher orders. These periods are sometimes separated 
by commas, as in the following table: 


NUMERATION TABLE. 
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5th 4th 3d 2d Ist Decimals. 
period. period period. period. period. 


Note. —The above is the French method of numerating, and is the one in general use 
in this country, The English numerate by periods of six figures each. See § 60. 


54. The denominator of a decimal fraction, when expressed, 
is necessarily 10, 100, 1000, or some power of 10. By examin- 
ing the table it will be seen that the number of places in a 
decimal is equal to the number of ciphers required to express 
its denominator. Thus, tenths occupy the first place at the 
right of units, and the denominator of +1, has one cipher; hun- 
dredths in the table extend two places from units, and the 
denominator of +4, has two ciphers; and so on. 
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55. A decimal is usually read as expressing a certain num- 
ber of decimal units of the lowest order contained in the 
decimal. Thus, 5 tenths and 4 hundredths, or .54, is read, 
fifty-four hundredths. 

The currency of the United States is decimal, since 10 mills make 1 
cent, 10 cents 1 dime, and 10 dimes 1 dollar. Dollars are written to the 
left of the decimal point. ‘The first two places at the right of the decimal 
point express dimes and cents, or tens and units of cents, and the third 
place, mills. ‘Thus: Twenty-five dollars, sixty-three cents, four mills, is 
written $25.634; One dollar and five cents is written $1.05. A mill is 
simply an expression for a tenth of a cent, for there is no such coin as the 
mill in use. 

56. The names of the periods are derived from the Latin 
numerals. The twenty-two given below extend the numeration 
table to the sixty-sixth place or order, inclusive. 


PERIODS. NAMES, PERIODS. NAMES. 
tate, w . Wmits, 12thh a. Decillions. 
2d. . . Thousands. 13th . . . Undecillions. 
8d. . . Millions. l4th . . . Duodecillions. 
4th . . . Billions. 15th . . . ‘Tredecillions. 
bth. . . ‘Lrillionsi 16th . . . Quatuordecillions. 
6th . . . Quadrillions. 17th . . . Quindecillions. 
7th . . . Quintillions. 18th . . . Sexdecillions. 
8th . . . Sextillions. 19th . . . Septendecillions. 
9th . . . Septillions. 20th . . . Octodecillions. 

10th . . . Octillions. 2ist . . . Novendecillions. 
llth . . . Nonillions. 22d. . . Vigintillions. 


57. Rute ror Noravion.—I. Beginning at the left hand, 
write the figures that eapress the hundreds, tens, and units of each 
successive period in their order, placing a cipher wherever an 
order of units is omitted. 

II. Write the decimal point at the right of the units and after 


it the figures that express the units of the successive decimal 
orders. 


58. Rute ror Numerarion. —I. Separate the whole num- 
ber into periods of three figures each, commencing at units. 


Il. Beginning at the left hand, read each period separately, and 
give the name to each period, except the last, or period of units. 
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JIT. Read the decimal as an integer, and give to it the name 


of its lowest or right-hand order. 


Note. —In a mixed number composed of an integer anda decimal, read the word and 
between the Integer and the decimal. 


Examples. 
59. Write and read the following numbers : 
1. One unit of the third order, two of the second, five of 
the first, 
2. Two units of the fifth order, four of the fourth, five of 
the second, six of the first. 
3. Seven units of the fourth order, five of the third, three 


of the second, eight of the first. 


4. Nine units of the fourth order, two of the third, four of 
the first. 

5. Five units of the fourth order, eight of the second. 

6. Five units of the fifth order, one of the third, eight of 
the first. 

7. Three units of the fifth order, six of the fourth, four of 
the third, seven of the first. 

8. Hight units of the first decimal order, three of the second. 

9. Two units of the sixth order, four of the fifth, nine of 
the fourth, three of the third, five of the first. 

10. Three units of the eighth order, five of the seventh, four 
of the sixth, three of the fifth, eight of the fourth, five of the 
third, eight of the second, seven of the first. 

11. Three units of the ninth order, eight of the seventh, 
four of the sixth, six of the fifth, nine of the first. 

12. Five units of the twelfth order, three of the eleventh, 
six of the tenth. 

13. Four units of the twelfth order, five of the tenth, eight 
of the fifth, nine of the fourth, four of the third, and nine of 
the first decimal order, four of the second, six of the third, 
eight of.the fourth. 

14. Three units of the second decimal order, five of the 
third, eight of the fifth. 
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15. Seven units of the first decimal order, eight of the third, 
nine of the fifth, seven of the sixth. 

16. Hight units of the sixth order, three of the fifth, two of 
the fourth, three of the third, eight of the first; and nine of 
the second decimal order, two of the third, eight of the fifth, 
three of the sixth. 


Write the following numbers in figures: 

17. Forty-eight. 

18. One hundred sixty-four. 

19. Forty-eight thousand seven hundred eighty-nine. 

20. Five hundred thirty-six million three hundred forty- 
seven thousand nine hundred seventy-two. 

21. Ninety-nine billion thirty-seven thousand four. 

22. Wight hundred sixty-four billion five hundred thirty-eight 
million two hundred seventeen thousand nine hundred fifty- 
three. 

23. Hive tenths. 

24. Thirty-six hundredths. 

25. Seventy-five ten-thousandths. 

26. 6 hundred-millionths; 600 millionths. 

27. Three hundred and fourteen thousand eight hundred and 
seventy-seven millionths. 

28. ‘Two dollars and fifty-three cents. 

29. ive thousand twenty dollars and five cents. 

30. Sixty-two thousand four hundred fifteen dollars 25 
cents 5 mills. 

31. Two hundred thirty-five trillion one hundred four billion 
seven hundred fifty million sixty-six thousand ten and twenty- 
five hundredths. 

32. Seven hundred forty-one trillion fifty-four billion one 
hundred eleven million one hundred one and four hundred 
ninety-six thousandths. 

33. Twelve trillion fourteen billion three hundred sixty 
million and five thousand twenty-nine hundred-thousandths. 
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Write the following numbers in figures, and read them: 

34. ‘Twenty-five units in the second period, four hundred 
ninety-six in the first. 

35. Three hundred sixty-four units in the third period, seven 
hundred fifteen in the second, eight hundred thirty-two in the 
first. 

36. Highty-one units in the fifth period, two hundred nine- 
teen in the fourth, fifty-six in the third. 

37. Nine hundred forty-five units in the seventh period, 
eighteen in the fifth, one hundred three in the third, sixteen 
in the second, eight in the first. 

38. One unit in the tenth period, five hundred thirty-six in 
the ninth, two hundred forty-seven in the eighth, nine hun- 
dred twenty-four in the seventh, three hundred twelve in the 
sixth, fourteen in the fourth, two in the first. 

Read the following numbers: 


39. 24.5. 44. 54321. . 49, 247843112. 
40. 564.2. 45. 2005.5. 50. 2367854.278. 
41. .075. 46. $ 2483.50. 51. $5300008.063. 
42. 2.5038. 47. .001007. 52. 10100500.309. 
43. .0725. 48. $1003.34. 53. 75000040037. 


60. The English method of notation as used in Great 
Britain, divides numbers by periods of six figures each as shown 
below :— 


©] Hundred-thousands. 


() Hundred-thousands. 
© Ten-thousands. 


}* Ten-thousands. 


€O Hundred-thousands. 
OO Thousands. 


G) Ten-thousands. 
DOD Thousands, 


cy 
a] 
c 
8 
> 
) 
= 
= 
" 
0 
2 
3 
iS 
> 
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00 Ten-thousands, 
~] Thousands. 
@ Hundreds. 

HS Tens. 

Ol Ones or Units. 
HS Hundreds. 

- Tons. 

© Ones or Units. 
© Hundreds. 

FE Tens. 

DOD Ones or Units. 
}* Thousands, 

© Hundreds. 

© Tens. 

ND Ones or Units. 


(eee a) Ee 
4th Period 3d Period 2d Period Ist Period 
Trillions Billions . Millions Ones or Units 
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61. In any uniform scale (§ 17) the number of units of one 
order required to make one of the next higher order is called 
the Radix of the scale, 


62. In the foregoing decimal system of notation the radix is 
10. Although the decimal system of notation has been found 
very convenient, numbers can be expressed in a number of 
other uniform seales. The following table gives the names 
and radixes of several of these. 


NAME, RADIX. NAME. RADIX. 
BIMATY ss fee) 0) ef ones Septenary........ 7 
Ternary <)s<easeenavemss Octaryaeiu.taekcnchonssaO 
Quaternary ......4 NONALYiccis) sw ecens sen) 
Quinary «<2 es) eenero Undenary’.. ©. 5 3. sid 
eS Been vag ao Duodecimal....... 12 

Nore. — In like manner any number, as 25 or 97, might be taken as thebasis of a scale. 


63. A scale contains as many digits as there are units in its 
radix; and every scale must have the digit, 0. 

Nore. — ‘he decimal seale has ten digits, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0; the nonary has nine, 
1, 2, 3, 4, 5, 6, 7, 8,9; the octary eight, 1 to T and 0; the septenary seven, 1 to 6 and 0; 
tho senary six, 1 to 5 and 0; the quinary five, 1 to 4 and 0; the quaternary four, 1 to 8 
and 0; the ternary three, 1, 2, 0; the binary two, 1, 0; the undenary eleven, 1 to 9, and 
one more (which may be expressed by any character, as a), and 0; and the duodecimal 
twelve, 1 to 9, a, 0, 0. 

By combining the digits in any scale, we obtain the notation 
of that scale. 


In the decimal scale when we pass 9, we must use two digits for the 
next number, which is 10. In like manner in the quaternary scale, when 
we pass 8, we must use two digits; therefore, 4 in the decimal scale is 
written 10 in the quaternary scale. In the quinary scale, when we pass 
4, we must use two digits; therefore, 5 in the decimal scale is written 10 
in the quinary. In the decimal scale, when we pass 99, we have to use 
three digits for the next number, which is 100; but the highest number 
we can write in the quinary scale in two figures is 44, which corresponds 
to 24 in the decimal scale. ‘Therefore, 25 in the decimal scale would be 
written 100 in the quinary ; and for the same reason 125 would be written 
1000 ; 625, 10000, ete. 

In the ternary scale, 3 would be written 10, 9 would be written 100, 27 
would be written 1000; 81, 10000, ete. In the senary scale, 6 would be 
written 10, 36 would be 100, 216 would be 1000, 1296 would be 10000, etc. 
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64. The following table shows the notation in the various scales with 
the corresponding yalue of the numbers, in the decimal scale : 


DECIMAL. 12 3}4/5/6/7] 8 | 9 | 10] 11 {12/13/14 
Binary . . . « |1/10/11/100/101{1101111!1000/1001{1010|1011]1100|1101)1110 
Ternary . . . |1/ 2/10] 11} 12} 20] 21) 22! 100} 101] 102] 110) 111) 112 
Quaternary . |1] 2] 3) 10] 11] 12] 13] 20] 21] 22] 23) 30) 31) 32 
Quinary ... |1] 2/8} 4] 10] 11) 12] 13] 14] 20] 21) 22) 23] a4 
Senary.... {1} 2} 3) 4! 5] 10] 11) 12} 18] 14] 16] 20) 21) 22 
Septenary . . |1] 2] 3) 4] 5] 6] 10) 11] 12] 13] 14) 15] 16] 2) 
Octary. ... {1| 2) 8] 4) 5) 6| 7 10} 11) 12] 18] 14] 15] 16 
Nonary.... {1/2} 3) 4| 5] ef 7} s| iol ii} 19] 131 14! ts 
Undenary . . |1| 2} 3) 4] 5] 6| 7] 8 9f a io} 11] 12) 13 
Duodecimal . | 1] 2 si 4) 5} 6 7] «68! )«6©8} «GCS }Sso10]'sd14)'s«12 

DrcIMAL, | 15 | 16 | 17 | 18 | 19 | 20 | 21 
Binary. ... 10001] 10010] 10011] 10100] 10101] 10110 
Ternary... | 120) 121} 122! 200} 201! 202] 210] 211) 212 
Quaternary .| $33] 100} 101} 102] 103] 110) 111] 112, 113 
Quinary...} 80) 981] 32) 33] 34) 40] 41| 42; 43 
Senary....}| 28) 24) 95] 301 31) 32] 331 341 35 
Septenary ..] 21] 22) 281 24) 25] 26 30) 31| 32 
Octary....| 17] 20) 21] 22) 23| 24] 5] 261 27 
Nonary ...| 16) 17; 18 20/ 21/ 22} 231 24) 95 
Undenary ..]| 14) 15) 1) 7 18} 19} ial 20) 21 
Duodecimal .| 13/ 14 15 16, 17; 18] 19/ tal 10 

DECIMAL. 29 | 30 100 


Binary... 


Ternary ... 


Quaternary 


Quinary ... 


Undenary . . 
Duodecimal, . 


11101 
1002 
131 
104 
45 

41 

35 

82 
27 
25 


11110] 1100100 
1010) 10201 
132 1210 
110 400 
50, 244 
42 202 
36 144 
3 121 
28 91 
26 84 
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Nortr. — For convenience the radix of a scale is indicated by a small figure placed below 
the right-hand order. ‘Thus, 244 in the senary scale is indicated 2445; S4 in the duo- 
decimal S42. 

Examples. 

65. 1. Write in the duodecimal scale the numbers corre- 

sponding to those from 35 to 99 in the decimal scale. 


2. Write in the undenary scale, the numbers from 381 to 75 
in the decimal scale. 


Write the numbers from 1 to 100 in the following scales: 
3. Ternary. 5. Senary. 7. Binary. 9. Septenary-. 
4. Quaternary. 6. Quinary. 8. Octary. 10. Nonary. 
' 66. To change from the decimal scale to another scale. 
1. Change 6259 from the decimal to the quinary scale. 


OPERATION, So.ution. — Since in the quinary scale 5 units 
) 6239 of one order make 1 of the next higher, dividing 


iy = 6239 by 5 we have 1247 units of the second order 
5) 1247 4-4 of Ist. and four remaining in the first; dividing 1247 by 
5) 249-+-2 of 2d. 5 we have 249 units of the third order, and 2 re- 
5) 494-4 of 8d. maining in the second. Continuing the division 
5)9 4 of 4th. until no number equal to or greater than 6 remains 
i— -— in the quotient, we have one unit of the sixth 
1+-4 of Sth. order, 4 of the fifth, 4 of the fourth, 4 of the third, 

of 6th. 2 of the second, and 4 of the first, or 144424. 


Rute. — Divide the number in the decimal scale successively by 
the radix of the scale required, preserving each remainder until 
the quotient is less than the radix. The first remainder will rep- 
resent units, the second tens, etc., and the last quotient will repre- 
sent the highest order of the number in the required scale. 


Norn. —If after any division there is no remainder, a cipher must be placed in the 
corresponding order, 


2. Express in the binary scale: 236, 765, 1290. 

3. Express in the quaternary scale: 495, 3256, 7598, 49200. . 

4. Ixpress in the ternary, senary, and quinary scales: 6342, 
TA87, 8941. 

5. Express in the septenary and octary scales: 41, 357, 2325. 


6. Express in the nonary, undenary, and duodecimal scales: 
29, 100, 229, 3568. . 


28 NOTATION AND NUMERATION. 


67. To change from any scale to the decimal scale. 
1. Change 543, to the decimal scale. 


OPERATION, 


643 .  Soxurion. —Since a higher unit in the senary scale equals 
6 6 of the next lower, 5 units of the third order equal 30 of 
ai the second, and 4 added=34. Im like manner 54 units of 
34 the second order = 204 of the first, +3—=207. Jence the 
m0 number in the decimal scale is 207. 
207 Ans. 


Rure. — Beginning with the highest order, multiply each sue- 
cessive order by the radix of the scale, and add to the result the 
Figure in the next lower order, until the lowest order is reached. 
The last result will be the number as expressed in the Vecimal 
scale, 

Change the following numbers to the decimal scale: 

2. 11111. 6. 13041, 10. 31319). 14. 33333 

8. 10202, 7. 64350,. 11. 47698). 15. 44444 

4. 12320, 8. 45761,. 12. 100000, 16. 0b! 

5. 32430, 9. 57684. 13. 222222, 17. 666666,. 

Nore. — All operations can be performed in any scale on the same principles as in the 


decimal. It is only necessary to bear in mind each time, how many units of one order 
make one of the next higher. 


68. Since varying scales do not increase by one constant 
multiplier, in working examples in such scales, we must bear 
in mind how many units of each order make one of the next 
higher. 


Thus, in the scale, 1 pound, 1 ounce, 1 pennyweight, 1 grain, since 24 
grains =1 pennyweight, 20 pennyweights=1 ounce, 12 ounces=1 
pound, it follows that 24 units of the first order make 1 of the second ; 20 
of the second, 1 of the third ; and 12 of the third, 1 of the fourth. Hence, 

_ the multipliers are successively 24, 20,12. In like manner in the scale 
of linear measure, since 12 inches=1 foot, 3 fect=1 yard, 5} yards 
=1 rod, 40 rods = 1 furlong, and & furlongs =1 mile, it follows that 12 
units of the first order make 1 or the second; 3 of the second, 1 of the 
third ; 5} of the third, 1 of the fourth ; 40 of the fourth, 1 of the fifth ; 
and 8 of the fifth, 1 of the sixth’ 


Nore. — Varying scales are used chiefly in computations with compound denominate 
numbers, 


ADDITION. 


69. Addition is the precess of uniting several numbers of the 
same kind into one equivalent number. 


70. ‘Che Addends are the numbers to be added. 


71. The Sum or Amount is the result obtained by the addi- 
tion. 


72. When the given numbers contain several orders of units, 
the method of addition is based upon the following principles: 


Prinoiries.—I. If the like orders of units are added sepa- 
rately, the sum of all the results must be equal to the entire sum 
of the given numbers. (Ax. 10.) 

Il. Jf the sum of the units of any order contains units of a 
higher order, these higher units must be combined with units of 
like order. 

Ill. The work must commence with the lowest unit, in.order to 
combine the partial sums in a single expression, at one operation. 


Examples. 

73. 1. Find the sum of 397, 476, and 873. 

OPERATION. So.ution. — We arrange the numbers so that units of 
397 like order stand in the same column. We then add the 
476 first, or right hand column, and find the sum to be 16 
873 units, or 1 ten and 6 units; writing the 6 units under 


the column of units, we add the 1 ten to the column of 
tens, and find the sum to be 24 tens, or 2 hundreds 
ana 4 tens; writing the 4 tens under the column of 
tens, we add the 2 hundreds to the column of hundreds, and find the sum 
to be 17 hundreds, or 1 thousand and 7 hundreds ; writing the 7 hundreds 


under the column of hundreds, and the 1 in thousands’ place, we have 
the entire sum, 1746, 


1746 Ans. 
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9g. Bind the sum of 3.975, 476.5321 and 32.2765. 


OPERATION. Sotution. — We arrange the numbers so that units 
3.975 of like order stand in the same column. ‘This brings 
476.5321 the decimal points directly under one another. We 


82.2765 2765 add as before and place the decimal point in the result 
between tenths and units or directly under the decimal 
512.7836 Ans. points in the numbers added. 


Rutx.—I. Write the numbers to be added so that all the 
units of the same order stand én the same column; that is, wnits 
under units, tens under tens, tenths wnder tenths, hundredths 
under hundredths, etc. 

Il. Commencing at the right hand, add each column separately, 
and write the sum underneath, if it ts less than ten. 

Ill. Jf the sum of any column is ten or more than ten, write 
the unit figure only, and add the ten or tens to the next column. 

‘IV. Write the entire sum of the last column. 

V. If there are decimal places in the addends, place the deci- 
mal point in the result directly under those in the nwmber added. 

Nores.—1. In adding, learn to pronounce the partial results without naming the 
Figures, separately, Thus, in tho first example, say 3, 9, 16; 8, 15, 24; 10, 14, 17. 


2, When the sum of any column {s greater than 9, the process of adding the tens to the 
next column is called carrying. 


Add: 

3; “4, 5. 6. 
8635 1234567 67.05 24603.2341 
2194 723456 123.653 298765.0009 
7421 84565 *  4567.101 47321.8762 
5063. 45666 89093.9 58653.31 
2196 _ 833 654321.08 5376.421 
1245 53090 1234567.756 340.008 


7. 123 +456 +785 +12 + 345 + 901 + 567 = ? 
8. 12345 + 67890 + 8763 + 347 + 1037 + 198760 = ? 
9. 172 + 4005 + 3761 + 20472 + 367012 + 19762 = ? 

10. Add .375, .24, .536, .78567, .4637, and .57439. 

1i. Add 5.3756, 85.473, 9.2, 46.37859, and 45.248377. 
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12. Add .5, .37, .489, .6372, 47856, and .02524. 

13. What is the sum of thirty-seven thousand six, four hun- 
dred twenty-nine thousand nine, and two million thirty-six ?’ 

14. Add eight hundred fifty-six thousand nine hundred 
thirty-three, one million nine hundred seventy-six thousand 
eight hundred fifty-nine, two hundred three million eight and 
one hundred ninety-five thousand seven hundred fifty-two. 

15. What is the sum of one hundred sixty-seven thousand, 
three hundred sixty-seven thousand, nine hundred six thousand, 
two hundred forty-seven thousand, seventeen thousand, one 
hundred six thousand three hundred, forty thousand forty-nine, 
and ten thousand four hundred one ? 

16. What is the sum of 137 thousandths, 435 thousandths, 
836 thousandths, 937 thousandths, and 496 thousandths ? 

17. What is the sum of one hundred two ten-thousandths, 
thirteen thousand four hundred twenty-six hundred-thou- 
sandths, five hundred sixty-seven millionths, three millionths, 
and twenty-four thousand seven hundred-thousandths ? 


74. To add two or more columns at once. 


1. What is the sum of 4632, 2553, 4735, and 2863 ? 
Soturion. — Beginning with the units and tens of the 


OPERATION, number last written, we add first the tens above, then 
4632 the units, thus: 63 and 80 are 93, and 5 are 98, and 50 
2553 are 148, and 8 are 161, and 30 are 181, and 2 are 183. 
4735 Of this sum, we write the 83 under the columns added, 
2868 and carry the 1 to the next columns, thus: 28 and 1 are 


29, and 40 are 69, and 7 are 76, and 20 are 96, and 6 are 
14783 Ans. 101, and 40 are 141, and 6 are 147, which we write in its 
place, and we have the whole amount, 14783. : 


Ruxe. — Taking the tens and units of the last addend together 
add to it jirst the tens and then the units of the next number ; 
to this result add first the tens and then the units of the neat 
number, and so on. Write the tens and units of the result in 
their proper places, and carry the higher orders to the next 
column. Proceed in the same way with the next two columns, 
and so on until all the columns are added. 


82 ADDITION. 


Find the sum, adding two columns at a time: 
2 3 4 5 


8450 75634 1234.56 $ 73490.42 
5425 86213 470.21 28219.86 
8595 92045 821.76 16218.73 
6781 73461 5709.14 2367.19 
7963 34719 8796.23 4019.63 
5143 26054 75.42 672.54 
4561 19732 253.20 450.67 
6783 84160 576.44. 91.07.32 
4746 97013 9081.76 6328419 
2373 34567 734.09 14376.51 
8021 43651 31.47 97164.20 
7273 52170 670.39 $1912.32 


75. Bookkeeping is the art of recording business transactions 
in a systematic manner. 


Business records or accounts are kept in account books, and the chief 
of these are a daybook, a journal, andaledger. Each account is recorded 
by item at the time it is made in the Daybook. A condensed statement 
of these accounts is recorded at the end of each day inthe Journal. The 
Ledger is the principal book into which are brought into summary form 
the accounts from the journal or daybook. ‘The items often form long 
columns, and accountants in adding usually add more than one column 
at a single operation. 


Add the following ledger accounts : 


1 2 3 4 


$13.05 $300.25 $72.51 $ 1865.00 
69,52 165.18 208.09 21009.00 

* 321.80 2.01 3106.24 3450.00 
652.09 31.15 2398.00 -06 
15.38 208.99 100.09 2.25 
5.25 50 5) 300.00 
16.00 18 80.09 1800.00 
105.00 18.56 275.00 21632.50 
162.08 201.29 3500.00 42561.00 
13.51 3,82 6000.00 3115.67 


-—_ 
—_—_—— 


— 
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5 6 7 8 


$42.17 $506.76 $ 2371.67 $ 14763.84 
36.24. 194.32 4571.84 33276.90 
18.42 427.90 1690.50 47061.39 
10.71 173.26 2037.69 18242.76 

194.30 71.32 5094.46 37364.96 

347.16 39.46 876.54 8410.31 
40.00 152.60 679.81 5724.27 
12.94 271.78 155.48 56317.66 
86.73 320.00 4930.71 81742.72 

271.19 709.08 3104.13 22431.27 

103.07 48.50 1987.67 40163.55 

500.50 63.41 5142.84 32189.60 

7.59 56.00 276.30 7063.21 
11.44 410.10 522.71 3451.09 
$1.92 372.22 3114.60 9200.00 

110.10 137.89 1776.82 1807.36 
107.69 276.44 7152.91 56768.72 

» 207.16 18.19 9328.42 63024.27 
97.20 27.96 472.19 36180.45 
21.77 157.16 321.42 90807.08 

150.15 94.57 2423.79 28763.81 

427.26 177.66 1600.81 37196.75 

316.42 327.40 5976.27 4230.61 

114.64 1132.16 4318.19 3719.84 
81.13 876.57 682.45 1367.92 

_ 387.50 179.83 3174.96 8756.47 


PROOFS OF ADDITION. 
76. To prove addition by varying the combinations. 


Rute. — Begin with the right hand or unit column, and add the 
terms in each column in an opposite direction from that in which 
they were first added; if the two results agree, the work is sup- 
posed to be right. 


77. To prove addition by casting out 9’s. 


The remainder arising from dividing any number by 9 is always the same 
as the remainder that arises from dividing the sum of all its digits by 9. 


ROB, NEW HIGHER aR.—3 


34 ADDITION. 


This arises from the fact that every 10, 100, or 1000 of a number, when 
divided by 9, has a remainder of 1. Thus, 9 into 10, once and 1 over; 
9 into 100, 11 times and 1 over, etc.; 9 into 20, twice and 2 over ; into 200, 
2000, etc., 2 over; into 30, 300, 3000, etc., 3 over. Hence, if we divide 
by 9 separately the parts of a number, the remainders will be expressed 
by the digits of the number. ‘Thus, if we divide 2345 by 9, first dividing 
the 2000, the remainder is 2; dividing 300, the remainder is 3; dividing 
40, the remainder is 4; dividing 50, the remainder is 5. ‘Total remainder 
is2+3+4+4+5=14; excess of 9’s in 14 =5, which is the same as the 
excess of 9’s in 2345. Hence, any number is equal to an exact number 
of 9’s plus the sum of its digits. 


1. Prove by excess of 9’s that 348524 24784 4-72456 = 132092. 


Sorution. — Adding the digits 


OPERATION. in the first number, the excess of 

34852, excess of s= 4 9’s is 4; in the second, 7; and in 
24784, excess of 9’s= 7 the third, 6. The sum of these 
79456, excess of s= 6 excesses is 17 and the excess of 
739092, i7 9s in 17 is 8. Dividing 132092 
here} ’ by 9, we find the remainder to be 


exc, of 9’s=8. exc. of 9’s=8. 8; hence the work is probably 
correct. 


Rute.—I. Find the excess of 9’s in the swm of the digits in 
each addend; add these excesses, and find the eacess of 9’s in 
their sum. If it agrees with the excess of 9’s in the answer, the 
answer is probably correct. 


Nores,—1. It is evident that the same result will be obtained’ by adding the digits in 
columns as in rows. 

2. The method of proving addition by the excess of 9's, fails in the following cases: 
Ast, when the figures of the answers are misplaced ; 2d, when the value of one figure is as 
much too great as that of another is too small. 


78. To prove addition by casting out 11’s. 


When a number expressed by a digit in an odd place is divided by 11, 
the remainder is equal to that digit; and a number expressed by a digit 
in an even place, lacks that digit of being a multiple of 11. Therefore, if 
a number expressed by two figures is divided by 11, the remainder equals 
the digit in the odd place minus the digit in the even place. 

Thus, in 4500, 500, represented by 5 in the third place =(45 x 11) + 6. 
4000, represented by 4 in the fourth place = (364 x 11) —4. Hence, 
4500 = (45 + 364) x 11 + (6 — 4), and 4500 divided by 11 has a remainder 
of 5—4orl. 


Nore. —If the digit in the even place {s greater than that in the odd place, it cannot be 
subtracted, bo we add one 11 to it, and then proceed to subtract. 
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Prinoreie. — Any numbe divided by 11 will have a remainder 
equal to the sum of the dig.ts in the odd places minus the sum of 
those in the even places. 

From this principle, we deduce a proof of addition by casting out 
11’s, similar to the proof by casting out 9’s. 

1. Prove by excess of 11’s that 34852 + 24784 + 72456 = 
132092. 

SoLution.— The sums of the 


OF ERATION. digits in the odd places minus those 
34852 18-— 9= 4. in the even places in the various 
94784,13 —12= 1 addends are 4+1+10=15, and 
72456, 17 — 7=10 the excess of IVs in 15=4. The 

————— — sum of the digits in the odd places 
132092, 15, exc. = 4. of 132092 minus those in the even 
(6 +11) —12=4, ~  places=4; and the excess of 


1l’s =4. Hence, the answer is 
probably correct. 

Rury.— Subtract the sum of the digits in the even places 
from the sum of those in the odd places in each addend. Add 
the results and find the excess of 11’s in their sum. If this 
agrees with the excess of 11’s in the answer, the answer ts prob- 
ably correct. 


exc. = 4. 


79. To prove addition by summing up the digits. 


If we add the digits of any number consisting of two or more digits, 
we find that their sum is the same as the excess of 9’s in the number. 
Thus, in 12 the sum of the digits is 3, and the excess of 9’s is 3; in 14, 
the sum of the digits is 5, excess of 9’s is 5; in 125, sum of digits is §, 
excess of 9’s is 8, ete. MHence, we may prove addition by adding the 
digits, and then adding the digits in their sum, instead of by casting out 
the 9’s. The last digit obtained is called the final digit. 


1. Prove by summing up the digits that 34852 + 24784 + 
72456 = 132092. / 
So.urion. — Adding the first row 8+4+4+8+45 


OPERATION. " +2=22, and the sum of the digits in 22 = 4. 
34852) -. Adding the 4 to the second row, 4+2+4+4+7+ 
24784 8, final digit, 8 +4 = 29, sum of digits 11; third row, 1147+ 
72456 , 2+4-+5-+ 6 = 35, sum of digits, 8 the final digit. 


In the sum 132092, 1+342+40+4+9+42=117, 
132092= 8, finat digit. and the sum of these digits is 8. Hence the 
auswer is probably correct. 


36 ADDITION. 


Rue. — Add the digits in the first addend, and find the sum 
of the digits in the result. Add this sum to the sum of the digits 
in the second addend, and sum up as before. Proceed in this 
manner until the last addend is summed up and the final digit is 
found. Then sum up the digits in the answer to be proved. If 
the result is the same as the final digit of the addends, the 
answer ts probably correct. 


Examples in the Preceding Rules. 


80. 1. The area and population of the North Atlantic 
division of the United States in 1890 were as follows: 


AREA, POPULATION, 

MAINGMEN MEG lenysn (cen ss) 2 sss 88040 661086 
New Hampshire ........ 9305 876530 
VEIMONVEN Eesti ce. a «es, 9506 38242: 
IMSEBACHUSOUS Hrs) 3) es se 8815 2238943 
Rhodevslandivsy <3 ss | (260 8455 
Gonnecticut™ > 3. 2 we CS 4900 6s 
NGWANOLKMrimr mixes! vslu'- sees, < 40170 7 
INGWICISOVIEE ut teh is +. ave. ¢ 7816 1444923 
CNNEVIVANIG Mier sm is + 6. + 46216 5258014 


Find the total area and population of this division. 


2. The area and population of the South Atlantic division 
in 1890 were as follows: 


AREA, PoruLaTion, 
DAlawaroieeetlts sl so... ss 2060 168495 
Marviandenmrey tits a... 12210 1042390 
District of Columbia. . . . . . , 70 230392 
Witkiniauemenes <P. i... « 42450 1655980 
West Virginia. . . . . . . . . 24780 762794 
North Caroling . . . . . . . . 52250 1617947 
South Caroling . . . . . . . . 80570 1151149 
Gearpin we memr Ry ieee oe, ce a 69476 1837353 
Florida SECIS Ico ulmieh < ... .« 68680 891422 


What was the total area of this division? ‘The total popu- 
lation ? 


EXAMPLES. 387 


3. The area and poj.ulation of the North Central division 
in 1890 were as follows: 


AREA, PorULATION, 
(QU ie erent mice ioh oa Gag LUT 3672316 
Indiana; 0) 6 us) stessse: eoee ver OUnOU 2192404 
TLNOIS:s enter teens colleen Pop teams OOOO, 3826351 
MIGhICAN oS &. 3s Tonyeectersn Caer OEOLD 2093889 
Wisconsin “sure is et scr gee sins ot oes OOURE 1686880 
Minnesota; «. «| fe venke yesutebes! MeumeEDGO 1301826 
XOWS: 2 cs 9) re mucus irons anE Tene OULD, 1911896 
Missourl .. .<) djcolneniol bioete ta a OeeLO 2679184 
North Dakota. ..5 2 os eee Fee. 182719 
Soutli Dakota .. © .0 6 -sisulsue cn eioDU 328808 
Nebraska. 453 4 em oer tee aE LOLU. 1058910 
Kansas. 82080 1427096 


vee was the seta dots of this division? The total 
area ? 


4. The area and population of the South Central division in 
1890 were as follows: 


Ang. * PoPpULATION. 
Kentucky... < “J. S06) iteur-peee i okaCsu0 1858635 
TENNESSED: “isvigher cout smlcoeee wee SeU0O, 1767518 
Alabama. s)ticu eytuntikelabemcamae sm OD2O0 1518017 
Mississippi! <<: 05 cores acu elaine mene aCOLO. 1289600 
Louisiana... 5%, sede eee wn cmnetece 48720 1118587 
1h) oo eg TO ke 6 265780 2236523 
Oklahoma, 1% vcaicues chee) Coeess me OGUSO 61834 
ATERDSAS i> wacs Sie? we et ee ary OSOO0 1128179 


Find the total nogulaeionn® the total area. 


5. The Western division was estimated as follows in 1890: 


AREA. POPULATION. 
WANE) Gal ongeo ooo doo a) BERD 182159 
WARIS a Sid oa oo oo oo REN 60705 
Colorado® «isis tent voice me LOS OO 412198 
Newilexicon 08.) insueweecscsecna ue ecosO, 163593 
Death), SO iy aoe Oo Gogmalo. code") 59620 
Utah. vce cei ep ener mean) BOLO7O) 207905 
REECE IG MGl ol 'o to Lo oe te gee whl ny) 45761 
IGENWUG! Gf ohio .o oo 6.66 Glo oo En 84385 
Washington. 7 specm crn tes <0 eseOOL GO, 349390 
Oregon ao errs - » « « + 96030 313767 
California. . shes 158360 1208130 


Find the total moptlation of this division, an@ the total area. 


88 ADDITION. 


6. In addition, the United States contained in 1890 the 
following areas and populations : 


AREA. PoruLation, 
Alaa mwics ts « . « - ~=6677890 32052 
Indian Territory... .... .- 81400 179321 
Untaxed Indians. . . . . .-- 146143 
Delaware, Raritan, and New York Bays, 720 
U.S. portion of Great Lakes . . . . 68177 


Find the total area and population of the United States. 


7. A man bequeathed his estate as follows: to each of his 
two sons, $12450; to each of his three daughters, $6500; to 
his wife, $650 more than to both the sons; and the reimainder, 
which was $1000 more than he had left to all his family, he 
gave to benevolent institutions. What was the whole amount 
of his property ? 

8. Iron was discovered in Greece by the burning of Mount 
Ida, 8.0. 1406 ; and the electro-magnetic telegraph was invented 
by Morse, a.p. 1832. What period of time elapsed between 
the two events ? : 


9. The population of the ten largest cities of the United 
States by the census of 1890 was as follows: 


New York, N.Y. . . . 1515801 | Boston, Mass. . . . . 448477 
Chicago, Ill. . . . . 1099850 | Baltimore,Md.. . . . 434439 
Philadelphia, Pa... . . 1046964 | San Francisco, Cal. . . 298997 
Brooklyn, N.Y. . . . 806343 | Cincinnati,O. . . . . 296908 
St. Louis, Mo. +. . 451770 | Cleveland,O. . . . . 2613653 


- What was the entire population of these cities ? 


10. A farm has five corners: from the first to the second 
it is 34.72 rods; from the second to the third, 48.44 rods; from 
the third to the fourth, 152.17 rods; from the fourth to the 
fifth, 95.36 rods; and from the fifth to the first, 56.18 rods. 
What is the whole distance around the farm? 


11. The number of people speaking the English language is - 
estimated to be 111100000; the number speaking French, 
51200000; German, 75200000; Italian, 33400000; Spanish, 
26190000. Find the total number of people speaking these 
five languages. 


SUBTRACTION. 


81. Subtraction is the process of taking away part of a num- 
ber, or of determining the difference between two numbers of 
the same unit value. F 

82. The Minuend is the number to be subtracted from. 

83. he Subtrahend is the number to subtract. 


84, The Remainder or Difference is the result obtained by the 
subtraction. 


85. When the given numbers contain more than one figure 
each, the. method of subtraction depends upon the following 
principles: 

Princietes. —I. Jf the wnits of each order in the subtrahend 
are tuken separately from the units of like order in the minuend, 
the sum of the differences must be equal to the entire difference of 
the given numbers. (Ax. 10.) 


Il. Jf the minuend and subtrahend are equally increased, the 
remainder will not be changed. 
Examples. 


86. 1. From 928 take 275. 


Sotution. — We first subtract 5 units from 


gees 8 units, and obtain 3 units for a partial re- 

Minuend, 928 mainder. As we cannot take 7 tens from 2 

Subtrahend, 275 tens, we add 10 tens to the 2 tens, making 12 
SPIee, . 7 2 UG 

orelnder: 653 tens; then 7 tens from 12 tens leave 5 tens, the 


second partial remainder. Now, since we added 
10 tens, or 1 hundred, to the minuend, if we add 1 hundred to the subtra- 
hend, the true remainder will not be changed (§ 85, II); thus, 1 hundred 


39 


40 SUBTRACTION. 


added to 2 hundreds makes 3 hundreds, and this sum subtracted from 
9 hundreds leayes 6 hundreds. Hence we have for the remainder, 653. 


Nore. —The process of adding 10 to the minuend is sometimes called borrowing 10, and 
that of adding 1 to the next figure of the subtrahend, carrying 1. 


The following method is often preferred : 


OPERATION. Sotution. — We subtract 5 units from 8 

(8) (12) units, and 3 units remain. Since we cannot 

Minuend, 928 take 7 tens from 2 tens, we take 1 hundred 
Subtrabend, ETE from the 9 hundreds and reduce it to tens; 


1 hundred = 10 tens; 10 tens and 2 tens =12 
tens; 7 tens from 12 tens leave 5tens. Since 
3 we have taken 1 hundred from the 9 hun- 
dreds, only 8 hundreds are left; 2 hundreds from 8 hundreds leave 6 
hundreds. Hence we haye for the remainder 653. 

Note. —The numbers written over the minuend are used simply to explain more clearly 


the method of subtracting ; in practice the process should be performed mentally, and these 
numbers should be omitted. 


2. From 929.635 take 537.3129. 


So.utioy. — We pJace the subtrahend under (the min- 


oO 
iS) 


Remainder, 6 


OPERATION. 


929.635 uend so that units of the same order stand in the same 

: column, and then proceed as in whole numbers, placing 

537.3129 the decimal point in the remainder directly below those 

392.3221 Rom, 12 the minuend and subtrahend, that is, between tenths 
-and units. 


Route.—I. Write the subtrahend under the minuend, placing 
terms of the same order wnder each other. 

Il. Begin at the units, and take each term of the subtrahend 
from the corresponding term of the minuend, writing the remainder 
underneath. 


Il. If any term in the subtrahend is greater than the corre- 
sponding term in the minuend, add 10 to the latter and subtract. 
Then add 1 to the next term of the subtrahend (or subtract 1 from 
the next term of the minuend) and proceed as before. 

IV. Uf there are any decimal orders in the minuend or sub- 
trahend, place the decimal point in the remainder directly below 
those above it. 

3. 4. 5. 6. 


From 47965 103767 57610218 89764.321 
Take 26714 98731 8306429 83720.595 


— 
—_——_ 
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Find the remainders: 


7. 58000 — 212. 14. 180037561 — 5703746. 
8. 4050 — 389. 15. 2460371219 — 98720342. 
9. 22012 — .05. 16. 890374261 — 24350367. 

10. 3456.1 — 185. 17. 10000030 — 999999. 

11.- 1.0066 — .15. 18. 222222 — 8.888. 

12. 1000 — .001. 19. 15.6056 — 3.2. 

13. 10000 — .0001. 20. 9.8765431 — .009085. 


87. To subtract two or more numbers at once. 


1. Aman having 1278 barrels of flour, sold 236 barrels to A, 
362 to B, and 387 to C; how many had he left ? 


So.urion,—Since the remainder sought, 
added to the subtrahends, must be equal to the 
Minuend, 1278 minuend, we add the columns of the subtra- 

936 hends, and supply such numbers in the remainder 
as, combined with these sums, will produce the 


OPERATION. 


Subtrahends, 4 362 


| 997 minuend. Thus, 7 and 2 are 9, and 6 are 15, 
L vol and 8 (supplied in the remainder sought) are 
Remainder, 293 18; then, carrying the tens’ term of the 18, 1 


and 8 are 9, and 6 are 15, and 3 are 18, and 9 
(supplied in the remainder) are 27; lastly,2 to carry to 3 are 5, and 3 
are 8, and 2 are 10, and 2 (supplied in the remainder) are 12; and the 


whole remainder is 293. 

Ruts.—I. Write the several subtrahends under the minuend, 
add the first column of the subtrahends, and supply such a number 
in the remainder sought, as, added to this partial sum, will give 
anamount having for its unit term the term above in the minuend. 

Il. Carry the tens’ term of this amount to the next column of * 


the subtrahends, and proceed as before till the entire remainder is 
obtained. 


2. 3. 4. 5. 
From 47962 127362 _ 903486 2503734 
21435 56304 430164 89763 
Take 15672 A782 132875 94207 


456 9156 . 67321 237564 


4% SUBTRACTION. 


88. Short method when the minuend consists of one or more 
digits of any order higher than the highest order in the subtra- 
hend. 


The difference between any number and a unit of the next higher 
order is called an Arithmetical Complement. ‘Thus, 4 is the arithmetical 
complement of 6, 31 of 69, 2792 of 7208, ete. 


1. Subtract 29876 from 3400000. 
So.ution. —To subtract 29876 from 3400000 is the 


OPERATION. 78 
same as to subtract a number one less than 29876, or 
3400000 20875, from 3399999 (Ax. 2). We therefore diminish 
29876 * the 84 of the minuena by 1, and then take each term 


70124 Ans. of the subtrahend from 9, except the lowest or right- 
Son hand term, which we subtract from 10. 


Roe.—I. Subtract 1 from the significant part of the minuend 
and write the remainder, if any, as a part of the result. 

Il. Proceeding to the right, subtract each term in the subtra- 
hend from 9, except the last, which subtract from 10. 

Subtract: 

2. 756 from 1000. 

8. 8576 from 4000000. 


13057 from 1700000. 

90.59876 from 6.4000. 
4. 5768 from 10000. 599948 from 1000000. 
5. 6981 from 100000. 8431.5 from 20000. 


10. What is the arithmetical complement of 271? of 18365? 
of 3401250 ? 


OQ ES 


89. A Debtor, in business transactions, is a purchaser, or a 
person who receives money, goods, or services from another; 
and a Creditor is a seller, or a person who parts with money, 
goods, or services to another. 


90. Business accounts have two sides: the Dr. or Debit side, 
on which are recorded the sums a person owes, and the Cr. or 
Credit side, which contains the sums owing to him. The 
difference between the two sides is called the Balance of the 
Account, , 
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91. Find the balance of the following accounts: 


1 


Dr. ' ANDREW CLARKE. Cr. 
1895 1895 
May 3 | To Mdse. $157.65 || May 6| By Cash $ 75.00 
“9 | & Sundries 65.09 © 10| ** Goods ret’d 65.09 
se 75 | ** Cash 25.00 eT Til tse EV OLE, 200.00 
ster ** Mase. 175.78 s 25) ** Note 800.00 
Ua (70 (it a 610.25 “ Balance 
June 1 | To Balance 
2. 
Dr. JosEerH SEWALL. Cr. 
= 
1896 1896 
Jan. 1 To Sundries | $1342.95|\ Jan. 6| By Check $500.00 
3 “Mase. 198.16 * 18) ** Note 350.00 
Os. 1g * Cash 15.05 “ 20) ** Check 725.00 
Dies if ‘« Mdse. 702.21 ‘© Balance 


Feb. 1 To Balance 


PROOFS OF SUBTRACTION. 
9%. To prove subtraction by adding the subtrahend and re- 
mainder, etc. 


Since the minuend minus the subtrahend equals the remainder, the 
remainder plus the subtrahend must equal the minuend, and the minuend 
minus the remainder must equal the subtrahend. 


Rute. —I. Add the remainder to the subtrahend. If the result 
equals the minuend, the answer is correct. 


IU. Subtract the remainder from the minuend. If the result 
equals the subtrahend, the answer ts correct. 


44 SUBTRACTION. 


93. To prove subtraction by casting out 9’s. 
1. Prove by excess of 9’s that 15964 — 9432 = 6532. 


OPERATION. So.ution. — Casting out the 

9’s from the minuend (§ 77) 

ee pees 3 , 

15964, excess of ue =7 the remainder is 7, and cast- 
9432, excess of 9’s = 0 ing out the 9’s from the sub- 


6532, exe. of 9’s=7. 7, exc. of 9’s. trahend, the remainder is 0. 
The difference, 7, is the same 


as the excess of 9’s in 6532; hence this answer is probably correct. 

Rute. — Subtract the excess of 9’s in the subtrahend from that 
in the minuend, casting out the 9’s from the remainder. Compare 
the excess with the excess tn the answer. 


Nore. —If the excess of 9's in the subtrahend {s greater than that in the minuend, add 
one 9 to the minuend snd then subtract. 


94. To prove subtraction by casting out 11’s. 
1. Proye by excess of 11’s that 15964 — 9432 = 6532. 


OPERATION. Sorurion. — In the minuend the 

2 sum of the digits in the odd 

15964, 14 —11=3(+11) places is 14, and in the even 
9432, 6(+11)—12=5 places 11(§ 78). ‘Their difference 
ORE o is 8. In the subtrahend, the sum 
6582, 9, exe. of the digits in the odd places is 6, 
7(+11)—9 =9, exe. and in the even places 12. Since 

12 cannot be subtracted from 6, 


we add one 11 to 6, making 17, and 17—12=5. We subtract the 
results, but since 5 cannot be subtracted from 3, we add one 11 to the 
3, making 14; 14 -5 = 9, the excess of 11’s. In the same way, we find 
the excess of 11’s in 6532 to be 9. Since the two excesses of 11 agree, 
the answer is probably correct. 


Rute. — Subtract the excess of 11’s in the subtrahend from that 


tn the minuend, casting out the 11’s from the remainder. Com- 
pare the excess with the excess in the answer. 


95. To prove subtraction by summing up the digits. 

1. Prove by summing up the digits that 15964 —9432 — 6532. 
OPERATION. Sorurion. —Sumining the digits in the subtra- 
15964 hend and remainder, we have 9 + 4 + 3-4+2= 18; 
» 7, final digit, sum of digits 9; 9+6+45+4342-=25; sum of 
9432 digits 7, the Jinal digit (§79). Summing up the 
pag) 2 usidisit. digits in the minuend, 1 +549 +6 4. 4 — 25; final 

65382 ; : , 

digit 7. Hence the answer is probably correct. 


EXAMPLES. 45 


Ruir. — Sum up the digits in the subtrahend and remainder 
and find the final digit. Compare this with the final digit found 
by summing up the digits in the minuend. 


Examples in Preceding Rules. 


96. 1. The population of New York City in 1880 was 
1206299; in 1890 it was 1515301. What was the increase in 
the ‘ten years ? 

2. The first newspaper published in America was issued 
in Boston in 1704. How long was that before the death of 
Benjamin I’ranklin, which occurred in 1790 ? 

3. A merchant sold a quantity of goods for $ 42017.75, which 
was $1675.36 more than they cost him. How much did they 
cost iin ? 

4. A speculator having 57436 acres of land sold at different 
times 55.75 acres and 1765.25 acres. How much land has he 
remaining ? 

5. The exports of the United States for the year ending 
June 50, 1894, amounted to $ 972861378, and the imports to 
$ 740780293. How much did the exports exceed the imports ? 

6. Hor the year ending June 30, 1894, the total coinage in 
the United States was $ 106216730.06; the gold amounted to 
$ 99474912.50, and the bronze and nickel to $716919.26. 
What was the value of the silver coinage ? 

7. The mineral products of the United States in 1892 
amounted to $ 688687712; in 1893 to $609817495. What 
was the decrease in value ? 

8. The area of the Chinese Empire in 1890 was 4291391 
square miles, and that of the United States 3668167 square 
miles; the estimated population of the former was 361500000, 
and that of the latter was 62979766. What was the difference 
in area and in population ? 

9. The population of New York in 1890 was 1515301, and 
that of Boston 448477. How many. more inhabitants had 
New York than Boston ? : 
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10. The total length of railroads in operation in the United 
States in 1859 was 27857 miles; in 1893 it was 173433 miles, 
What was the increase from 1859 to 1893 ? 

11. The South Atlantic division of the United States in 
1890 had a population of 8857920, the Western division 3027613, 
and the North Atlantic division 17401545. How many more 
inhabitants had the last named division than the other two ? 

12. Having $ 20000, I wish to know how much more J 
must accumulate to be able to purchase a piece of property 
worth $ 23470, and have $ 5400 left ? 

13. A has $3540.75 more than B, and $1200.68 less than 
C, who has $ 20600; D has as much as A and B together. 
How much has D? 

14. The revenue of the United States Post Office in 1873 
was $ 22996742; in 1883, $ 45508693; in 1893, $ 75896933. 
How much did it increase from 1873 to 1883? From 1883 to 
1893? From 1873 to 1893 ? 

15. From 4568 take 1320.12 + 275.39 + 320.35." 

16. Subtract 1200.9 + 750.6 + 96.3 from 4756 + 575 + 140 
+ 84.9. 

17. A man bought four city lots, for which he paid $ 15760. 
For the first he paid $2175, for the second $3794, and for the 
third $4587. How much did he*pay for the fourth ? 

18. John Wise owns property to the amount of $ 75860, of 
which he has $45640 invested in real estate, $ 25175 in per- 
sonal property, and the remainder he has in bank. How much 
has he in bank ? 

19. Lake Huron contains 23800 square miles. By how 
much does it exceed the area of Lake Brie and Lake Ontario, 
the former containing 9960 square miles, and the latter 7240 

square miles ? 

20. In the years 1881 to 1890, there arrived in the United 
States 5246613 immigrants, of whom 655381 came from Ire- 
land, and 1452952 from Germany How many came from 
other countries ? 
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21. A speculator gained $5760, and afterward lost $2746; 
at another time he gained $3575, and then lost $4632. How 
much did his gains exceed his losses ? 


' 22. The North Atlantic division of the United States has 
an area of 168665 square miles, the South Atlantic division, 
282535 square miles, and the Western division, 1187535 square 
miles. How much greater is the area of the Western division 
than of the North and South Atlantic divisions combined ? 


23. The total expenditure of the United States Post 
Office Department for 1893 was $81074104, of which sum 
$ 41170054 was paid for the transportation of the mail, and 
$ 15862621 as compensation to postmasters. How much was 
expended for all other purposes ? 


24. The gold coinage of the United States Mint for the 
year ending June 30, 1894, was as follows: double eagles, 
$ 55143610; eagles, $ 34968840; half eagles, $ 9287180; quarter 
eagles, $75252.50. The silver coinage for the same year 
was: standard dollars, $758; half dollars, $ 3363327; quarter 
dollars, 2296595; dimes, $364218.30. How much did the’ 
gold coinage exceed the silver in value ? 

25. The population of the United States in 1890 was as 
follows: total, 62622250; North Atlantic division, 17401545; 
South Atlantic division, 8857920; North Central division, 
22362279; South Central division, 10972893. What was the 
population of the Western division ? 

26. What number must be added to 32456.0927 to make 
56534 2 

27. If I subtract 15213.05 from 325020.1, and then add 
36211, how much more must I add to make 1000000 ? 


28. A business man had on deposit in a bank $1250, and on 
Monday he deposited $350 more. Tuesday he drew out by 
check $1177, Wednesday morning deposited $ 2677.87, and 
drew out by check in the afternoon $165.72. ‘Thursday he 
deposited $ 3247, and Saturday drew out $5640 to pay salaries 
and bills. What amount was still on deposit in the bank ? 


t 


MULTIPLICATION. 


’ 97. Multiplication is the process of taking one of two given 
numbers as many times as there are units in the other. 
98. The Multiplicand is the number.to be multiplied. 
99. The Multiplier is the number by which to multiply, and 
shows how many times the multiplicand is to be taken. 
100. The Product is the result obtained by the process of 
multiplication. 
101. The Factors are the multiplicand and muiltiplier. 


Nores.—1. Factors are producers, afd the multiplicand and multiplier are called 
factors because they produce the product. 

2, Multiplication is a short method of performing addition when the nitubers to be 
added are equal. 

8. The multiplier is always regarded as‘an abstract number ; but cither factor of a 
product may be used abstractly, even if it is concrete; hence, either factor muy be used as 
a multiplier. 


4. The true multiplicand, however, is the factor that would be used as one of the equal 
parts in addition, 


102. It is evident that 5 units taken 34 times is the same as 
3 units taken 5 times; and the same is true of any two factors. 
The method of multiplying when either factor contains more 
than one figure, depends upon the following principles : 


Princrres. —I. The product of any two factors is the same, 
whichever is used as the multiplier. If units are multiplied by 
units, the product will be units; if tens are multiplied by units, 
or units by tens, the product will be tens; and so on. 

IL. Uf either factor is wnits of the first order, the product will 
be units of the same order as the other factor. 

Ill. Jf the units of each order in the multiplicand are Gen 
separately as many times as there are units in the multiplier, the 
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sum of the products must be equal to the entire product of the 


given numbers. (Ax. 10). 


5) 42) 
| 48 
5) 64] 638 
60) 70 

55| 66| 77 
30' 72) 84 
| 78| 91 

| 84] 98 

| 901105 
82/48 64; § 96/112 
51/68) $5)102'119 
54.72| 90'1081126 
57\76) 95.114/133 


104, 
112 


128 
136)153 
144/162 


152/171 


11201135) 


24) 26 


48) 52 
60) 65 
3} 72) 78 
84) 91 
96)104 
108/117 


110/121]132/143 
120)132]144 156 
3/156} 
168]182 
5/180)195 


187/204!221 
198 
190!209) 25 


Examples. 


103. 1. Multiply 346 by 8. 


Sotution. —In this example it is required to 
If we take the units of each 
order 8 times, we shall take the entire number 
Therefore, commencing at 
the right hand, we say: 8 times 6 units are 48 
units. or 4 tens and 8 units; writing the 8 units 
fn the product in units’ place, we reserve the 4 tens to add to the next 
product; 8 times 4 tens are 32 tens, and the 4 tens reserved in the last 
product added are 36 tens, or 3 hundreds and 6 tens; we write the 6 tens 
in the product in tens’ place, and reserve the 3 hundreds to add to the next 
product; 8 times 3 hundreds are 24 hundreds, and the 3 hundreds re- 
served in the last product added are 27 hundreds, which being written in 
the product, with each figure in the place of its order, gives for the entire 


OPERATION. 
Multiplicand, 346 
Multiplier, as 
Product, 2768 


product, 2768. 


take 346 eight times. 


8 times (§ 102, ITI). 


ROR. NEW HIGHER ar. —4 


169/182 


7/266 
60/80 100 120/ 140,160 180|200,220\240!260 
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ay 30 


36| 39) 42) 45 


56) 60 
70 75 
84 90) 
98 105 


168]180 


196): 


238) 


2522 


280 


112/120/128]136| 
126/185 144)153 
|100}110/120)130 140 150, 
154/165) 


1210|225\5 
30 176}192 208 224 24 


12| 13| 14| 15| 16] 17| 18] 19] 20) 


32! 34) 36] 38] 40 
48) 51) 54) 57 

64) 68) 
80] 85 
96/102 
112|119, 


160 170) 
176|187 
192 204 


804 823 342) 
320/840)360/380 
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Y 
2. Multiply 34.6 by 8. d 
OPERATION. So.ution. — Proceeding as in Ex. 1, we find that 8 time 
34.6 6 tenths are 48 tenths, or 4 units and 8 tenths. We writ 
i the 8 tenths in the tenths’ place in the product, and reserve , 
8 the 4 units to add to the next product ; § times 4 units are 


- 976.8 Ans, $2 units, and the 4 units reserved are 36 units, or 3 tens 

and 6 units. We write the 6 in units’ place, and reserve 

the 3 tens; 8 times 3 tens are 24 ters and 3 tens reserved are 27 tens; 
hence the entire product is 276.8. 


3. Multiply 758 by 346. 


OPERATION. Sorutiox. —In this example the multiplicand is to be 
158 taken 346 times, which may be done by taking the multi- 
plicand separately as many times as there are units ex- 


346 pressed by each figure of the multiplier. 755 multiplied 
4548 by 6 units is 4548 wnits (§ 102, 11); 758 multiplied by 4 
3032 tens is 8032 tens (§ 102, Il), which we write with its low- 
9974 est order in tens’ place, or under the figure used as a 


=o multiplier; 758 multiplied by 3 hundreds is 2274 hundreds 
262268 Ans. (§ 102, II), which we write with its lowest order in hun- 

y dreds’ place. Since the sum of these products must be the 

: entire product of the given numbers (§ 102, III), we add the results, and 
obtain the product, 262268. 


Nores.—1, When the multiplier contains two or more terms, the several results 
obtained by multiplying by each term are called partial products. 

2. When there sre ciphers between the significant terms of the multiplicand, pass over 
them, and multiply by the significant terms only. 


Rure.—I. Write the multiplier under the multiplicand, placing 
units of the same order under each other. 


Il. Multiply the multiplicand by each term of the multiplier 
successively, beginning with the right-hand term, and write the 
Jirst term of each partial product under the term of the multi- 
plier used, writing down and carrying as in addition. 

Il. Add the partial products. If the multiplicund contains 


decimal places, point off the same number in the product, and the 
; result will be the true product. 


Sy eee, 


Norx. — The method of pointing off decimal places in the product when both multiplt 
eand and multiplier contain decimal places will be explained In § 286. 2 


: 4. 5. 6. qT. 
Multiply 475 317 9827 719 
7 9 14 84 216 


a li ee 
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Multiply: 
8. 314.16 by 175. 11. 1560.7 by 3094. 
9. 40930 by 779. ~ 12. 281216 by 978. 
10. 46481 by 936. 13. 302.04 by 4267. 


14. What will be the cost of building 276 miles of railroad 
at $ 61320 per mile? 

15. If 125 tons of iron rail are required for one mile of rail- 
road, how many tons will be required for 196 miles ? 

16. A tailor bought 36 pieces of broadcloth, each piece con- 
taining 47 yards, at $7 a yard. How much did he pay for the 
whole? 

17. The salary of a member of Congress is $5000 a year, 
and in the lifty-fourth Congress, ending March 4, 1897, there 
were 356 members. How much did they all receive ? 

18. Ata profit of $.15 on a dollar, how much money would 
I make on goods costing $ 759 ? 

19. A teacher receives a discount on books equal to .25 of 
their value. What will be his bill for two books listed at 
$1.00 and $2.00 respectively ? 


Nore. — Per cent is another name for hundredths and its sign is %. Instead of saying 
.25 we might say 25 per cent or 25%. 


20. At the rate of $.06 for every dollar, how much interest 
should be paid on $500 loaned for 1 year? How much should 
be paid for the same sum loaned for 5 years ? 


21. One pound (£) sterling is worth $ 4.8665. If I wish to 
buy £225 Hnelish money, how much United States money must 
T give in exchange ? 

22. The United States mints, in the year ending June, 1894, 
coined 2757182 double eagles ($20), 3496884 eagles ($10), 
1857436 half eagles ($5), 30101 quarter eagles ($ 2.50), 758 
standard dollars, 6726654 half dollars, 9186380 quarter dollars, 
3642183 dimes, 9226071 five-cent pieces, 25561571 one-cent 
pieces. What was the total value of that year’s coinage ? 

23. A man having £2000 wishes to exchange it for United 
States money. How much will he receive ? 
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24. What must be paid for insuring a house worth 9000, 
if the rate charged by the insurance company is $.02 on $1? 

25. If 1 buy 68 shares of a stock at $86 a share, and sell 35 
shares at $S0 a share, and 30 shares at $110 a share, do I 
gain or lose, and how much ? 

26. Mr. Armstrong bought a house for $15760, and gained 
25% of its cost by selling it. For what price did he sell it? 

27. At $100 a share, what will be the cost of 50 shares of 
railroad stock? Ifa broker charges me $.00125 on a dollar 
for buying this stock, hoy much must I pay him for his 
services ? 

28. The circumference of every circle is 3.1416 times the 
diameter. Find the circumference of a circle whose diameter 
is 26 inches. 


POWERS OF NUMBERS. 


104. A Power is the product arising from multiplying a 
number by itself or using it a certain number of times as 
a factor. Thus, $ is a power of 2, because 2 x 2 x 2 = 8. 

105. A Root is a factor repeated to produce a power. ‘Thus, 
2 is a root of 8. 


106. An Index or Exponent is a figure indicating the power 
to which a number is to be raised. Thus, 2 x 2 x 2 may be 
indicated by 2°, and the small figure 3 placed above and to the 
right of the 2 is the index or exponent. 


107. The First Power of any number is the number itself, 
or the root. Thus, 2, 3, 5, are first powers or roots. 


108. The Second Power, or Square, of a number is the prod- 
uct arising from using the number two times as a factor. 
Thus, 2?=2x2=4; 5=5 x5 =25. 

109. The Third Power, or Cube, of a number is the product 
arising from using the number three times as a factor. Thus, 
#B—4x4x4=64, 


Nore.—The higher powers are named in thelr order as fourth power, fifth power, 
sizth power, ete 
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110. The process of producing any required power by multi- 
plication is called Involution. 
; Examples. 
111. To find any power of a number. 
1. What is the third power or cube of 23 ? 
OPERATION. Sotution. — We multtply 23 by 23, 
23 x 23 x 23 =12167 Ans. and the product by 23; and, since 23 


has been taken 3 times as a factor, the 
last product, 12167, must be the third power or cube of 23. 


Rute. — Multiply the number by itself as many times, less 1, 
as there are unils in the exponent of the required power. 


Find: 


2. The square of 72. 5. The seventh power of 7 
3. The fifth power of 12. 6. The fourth power of 19. 
4. The cube of 25. 7. The sixth power of 3. 


Find the powers indicated by the following expressions : 

ya TO. 18% 12. 7863. 14. 100%. 16. 251°. 
Qrpil?, 11. 125%. 9. 13h e94e: LO seemeli(iee 17. 110°. 
18. Multiply 8* by 15% 19. Multiply 25? by 3* 


SURFACES AND VOLUMES. 
112. A Surface is the bounding or limiting part of a body. 
Every surface has two dimensions, —length and breadth. 
Nore. — Surfaces are either plane (flat) or curved. 
113. The Area of a surface is its contents reckoned in square 
units. 


114. A Rectangle is a four-sided plane figure haying its 


RECTANGLES, ~ 
opposite sides parallel and whose angles are all right angles, 
that is, angles of 90°. 
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115, A Triangle is a plane figure bounded by three sides and 
having three angles. 


Its Base is the side on which it is supposed to stand. 
Its Altitude is a line drawn from the angle opposite the base at right 
angles to the base. 


AN 


TRIANGLES. 


“Altitude 


aroumferen, 


116. A Circle is a plane figure bounded by 


& ce 
a curved line called the Circumference, every 
y\ point of which is equally distant from a 
point within called the Center. 


Diameter 


The Diameter is a line passing through tle center 
to the circumference on both sides. 
The Radius is a line from the center to any point 
Crroe. in the circumference and is equal to one half the 
- diameter. 


Nore. — For other plane surfaces see pages 470-488. 


117. Rures.—I. To find the area of a rectangle, multiply the 
number of units in length by the number of like units in width. 
The product will be the number of square units in area. 

II. To find the area of a triangle, multiply the base by one 
half the altitude. 


IL. To find the area of a circle, multiply the square of the 
diameter by .7854. 


IV. To find the circumference of a circle, multiply the diameter 
by 3.1416. 


118. A Solid is a figure or a portion of space that has 
three dimensions, —length, breadth, and thickness (height or 
depth). 


119. The Volume of a solid is its contents reckoned in cubic 
units, z 
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120., Rutr.— To find the volume of any rectangular solid, 
multiply the number of units in the length by the number of like 
units in the breadth, and this product by the number of like units 


in the thickness; that ts, find the product of the length, breadth, 
and thickness. 


Examples. 


121. 1. How many square yards of carpet will be required 
to cover a floor that is 5 yards long and 3 yards wide, and how 
much will it cost at $1.75 a yard? 

2. My garden has two grass plats; one is 30 feet square, 
and the other is 20 feet long and 40 feet wide. Which is the 
larger, and how many more square feet does it contain ? 

Find the areas of the following triangles: 

3. Base 7 feet, altitude 25 feet. 

4. Base 25 feet, altitude 7 feet. 

5. Altitude 36 feet, base 28.5 feet. 

6. What will be the cost of a triangular piece of land whose 
base is 15 rods and altitude 10 rods at $65.75 a square rod ? 

Find the circumference of the following circles: 


7. Diameter 10 inches. 9. Diameter 26 feet. 
8. Diameter 3 yards. 10. Diameter 201 yards. 
11. What is the circumference of a wheel 5 feet in diameter ? 


Find the areas of the following circles: 


12. Diameter 16 inches. 14. Diameter 250 inches. 

13. Diameter 364 feet. 15. Diameter 375 feet. 

16. What is the area of a circular flower bed 23 feet in 
diameter ? 

17. How many cubic feet of wood are there in a column of 
wood which is 25 feet long, 15 feet wide, and 10 feet thick ? 

18. How many cubic feet of earth must be removed in dig- 
ging an excavation which is 275 feet long, 315 feet wide, and 
108 feet deep ? 

19. Wind the contents in cubic inches of a box 12.5 inches 
long, 14 inches wide, and 7 inches high. 
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GENERAL PRINCIPLES OF MULTIPLICATION. 


122. There are certain general priuciples of multiplication, 
of use in various contractions and applications. ‘These relate, 
Ast, to changing the factors by addition or subtraction; 2d, to 
the use of successive factors in continued multiplication. 


128. Changing the terms by addition or subtraction. 


The product equals either factor taken as many times as there ar 
in the other factor ($ 102, I). Hence we have the following principles: 


PrincrpLes.—I. Adding 1 to either factor, adds the other 
factor to the product. 


IL. Subtracting 1 from either factor, subtracts the other factor 
from the product. Hence, 

Il. AppinG any number to either factor, increases (he prod- 
uct by as many times the other factor as there are wiils in the 
number added; and suUBTRACTING any number from ecilher fac- 
tor, piminisHES the product by as many times the other juctor as 
there are units in the number subtracted. 


124. A Continued Multiplication is the process of finding the 
product of three or more factors, by multiplying the first by 
the second, this result by the third, and so on. 

If any number, as 17, is multiplied by any other number, as 3, the 
result will be 3 times 17 ; if this result is multiplied by another number, 


as 5, the new product will be 5 times 3 times 17, which is evidently 15 
times 17. Hence, 17 x 3 x 5=17 x 15, ete. 

Since 5 times 3=3 times 5 (§ 102, 1), 17 multiplied by 5 times 
8=17 multiplied by 3 times 5; or 17x 8x5=17x5 x3. Hence, 
the product is not changed by changing the orders of the factors. 


125. These principles may be stated as follows: 


Principtes. —J. If a given number is multiplied by several 
factors in continued multiplication, the result will be the same as 
of the given number were multiplied by the product of the several 
multipliers. 


IL. The product of several factors in continued multiplication 
will be the same, in whatever order the factors are taken. 


* CONTRACTIONS IN MULTIPLICATION. AT 


CONTRACTIONS IN MULTIPLICATION. 


126. A Composite Number is one that may be produced by 
multiplying together two or more numbers. ‘Thus, 18 is 
a composite number, since 6x 3=18; or, 9x 2=18; or, 
3d x 2 = 18. 


127. he Component Factors of a number are the several 
numbers whose product is the given number. Thus, the com- 
ponent factors of 20 are 10 and 2, (L0 x 2 = 20); or, 4 and 5, 
@ x 5=20); or, 2 and 2 and 5, (2 x 2 x 5 =20). 


Nore. —The pupil must not confound the factors with the parts of a number. 
Thus, the factors of which 12 is composed are 4 and 8, (4x 3=12); while the parts of 
which 12 is composed are 8 and 4, (3 + 4==12); or, 10 and 2, (104+2=12), ete. The factors 
are mulliplied, while the parts are added, to produce the number. 


Examples. 


128. When the multiplier is a composite number. 
1. Multiply 327 by 35. 


OPERATION, 


So.utrion. —The factors of 35 are 7 and 6. We multi- 
2989 ply 827 by 7, and this result by 5, and obtain 11445, which 
~ must be the same as the product of 327 by 35 (§ 125, I). 


11445 Ans. 
Ruxie.—1. Separate the composite number into two or more 


Sactors. 


Il. Miltiply the multiplicand by one of these factors, and 
the product by another, and so on until all the factors have been 
used successively; the last product will be the product required. 

. Nore —'The factors may be used in any order that is most convenient (§ 125, ID). 


Find the products : 


2. 736 x 24. 4. 27865 x S4. 
3. 538 x 56. 5. 7856 x 14. 


6. If a river discharges 177410872.5 cubic feet of water in 
one hour, how much will it discharge in 96 hours ? 
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129. When the multiplier is 11. 


1. Multiply 16439 by 11 
OPERATION. Soxtution. —If we multiply by the regu- 
lar rule we notice that the second partial 
es oe product is the same as the first, except that 


SS each term is one place further to the left; 
16439 180829 Ans, and we note that the total product is formed 


16439 by adding each term of the multiplicand to 
= the one preceding. Thus, (0 + 9 = 9) and 
180829 we write 9 for the units; (9 + 3 = 12), we 


write 2; (3 + 4=7 and 1 carried = 8), we write 8 ; (4 + 6 = 10), we write 
0; (6+1=7 and 1=8), we write8; (1+ 0=1), we write 1, and the 
answer is 180829. 

Rue. — Beginning with units, add each term of the multipli- 
cand to the one preceding, carrying as in the regular rule. 


Multiply by 11: 
2. 1495. 4. 52129. 6. 101209. 
3. 1876. 5. 69872. 7. 315684. 


130. When the multiplier is a unit of any order. 
1. Multiply 365 by 1000. 


OPERATION. Sotution. —If we annex a cipher to 
365 x 1000 = 365000 Ans, the multiplicand, each term is removed 
one place toward the left, and conse- 


quently the yalue of the whole number is increased tenfold (§ 52, Ill). 
If two ciphers are annexed, each term is removed two places toward the 
left, and the value of the number is increased one hundredfold; and 
every additional cipher increases the value tenfold. : 


Ruie.— Annex as many ciphers to the multiplicand as there 
are ciphers in the multiplier. 


Multiply : 
2. 364 by 100. 5. 16020 by 10000. 
3. 248 by 1000. 6. 23999 by 100000. 
4. 22913 by 10000. 7. 2056 by 1000000. 


8. What is the cost of 1000 head of cattle at $50 each? 
9. Multiply one million by one hundred thousand. 


10. How many letters will there be on 100 sheets, if each 
sheet has 100 lines, and each line 100 letters ? 
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131. When there are ciphers at the right hand of one or both of 
the factors. ? 
1. Multiply 7200 by 40. 


OPERATION, SoLurion,— The multiplicand, factored, is equal to 
7200 72 x 100; the multiplier, factored, is equal to 4 x 10; 
40 and as these factors taken in any order will give the 


= same product ($126, IL), we first multiply 72 by 4, 
288000 Ans. then this product by 100 by annexing two ciphers, and 
this product by ten by annexing one cipher. 
Ruts. — Multiply the significant terms of the multiplicand by 
those of the multiplier, and to the product annex as many ciphers 
as there are ciphers on the right of both factors. 
Find the products of: 


2. 740 x 300. 5. 4007000 x 300.2. 
3. 36000 x 240. : 6. 300200 x 640. 
4. 20700 x 500. 7. 2510000 x 3.56. 


gs. At the rate of $5 on $1000, what will be the tax on a 
piece of property valued at $ 56000 ? ; 

9g. A salesman sells 5000 pieces of goods, each containing 
40 yards, at 1.50 a yard. What is the amount of his sales ? 

10. A dealer sold 300 horses at an average price of $200 
each. How much did he receive for them ? 

11. A certain state, having an area of 41000 square miles, 
has an average of 90 inhabitants to the square mile. What is 
the population of the state ? 

132. When one part of the multiplier is a factor of another 
part. 

1. Multiply 4739 by 357. 


OPERATION. Sotution. —In this example, 7, one part 
4739 of the multiplier, is a factor of 35, the other 
357 part. We first find, in the usual manner, the 


product of the multiplicand by the 7 units; 
33173 Prod. by Tunits. multiplying this product by 5, and writing the 
165865 prod. by 35tens. first figure of the result in tens’ place, we 
aceercsieed obtain the product of the multiplicand b 
1691823 Ans. 7x 5x 10=35 tens; and the pa of figs 
two partial products, 1691823, must be the 
whole product required. : 
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2. Multiply 58327 by 21318. 


OPERATION. SoLutionx. —The 3 hundreds is a 
58327 factor of 18, the part on the right of it, 
21318 and also of 21, the part on the left of 


sees it. We first multiply by 3, writing the 
174981 Prod. by Shundreds. __ first figure in hundreds’ place, because 


1049886 Prod. by 18 units. the 3 represents hundreds ; multiplying 

1224867 Prod. by 21 thousands, this product by 6, ane sla) = first 

——— figure in units’ place, we obtain the 

1243414986 Ans. roduct of the multiplicand by 3x6= 
Pp I y 

18 units; multiplying the first partial 


product by 7, and writing the first figure in thousands’ place, we obtain 
the product of the multiplicand by 7 x 3 x 1000 = 21 thousands ; the sum 
of these three partial products is the entire product. 

3. Multiply 5643 by 4237. 
OPERATION. 


5643 ; 
4937 Sotutioy. —The 7 units is a factor of 42. We first 


30501 multiply by 7 units and by 3 tens, as in § 103. ‘Then we 
multiply the first partial product by 6, and write the first 
16929 figure in hundreds’ place, since 4200 = 6 x 7 x 100. 
237006 


23909391 Ans, 


Nore. —The product obtained by multiplying any partial product is called a derived 
product, 


Rute.—I. Find the product of the multiplicand by some term 
of the multiplier which is a factor of one or more parts of the 
multiplier. 

Il. Multiply this product by that factor which, taken with the 
term of the multiplier first used, will produce other parts of the 
mailtiplier, and write the first figure of each result under the first 
Jigure of the part of the multiplier thus used. 

IIL. Tn like manner, find the product, either direct or derived, 
for every term or part of the multiplier; the sum of all the 
products will be the whole product required. 


Multiply: 

4. 5784 by 246. 8. 78563721 by 127369. 

5. 3785 by 721. 9. 45725652 by 5481918. 

6. 472856 by 54918. 10. 3578426785 by 64532164. 


7. 43785 by 9153. 11. 2703605 by 4249784. 


CONTRACTIONS IN MULTIPLICATION. 61 


.133. When the multiplier is 9, 99, or any number of 9’s. 


Annexing one cipher to a number multiplies it by 10, two ciphers by 
100, three ciphers by 1000, ete. Since 9 is 10 —1, any aumber may be 
multiplied by 9 by annexing 1 cipher to it and subtracting the number 
from the result (§ 123). Yor similar reasons, 100 times a number — 1 
time the number = 99 times the number, ete. : 


1. Multiply 6556 by 999. 


OPERATION. So.ution. — Multiplying 6556 


6556000 — 6556 = 6549444 Ans. >Y 1000 (which is 990-+ 1) the 
result is 6556000. As this result 
is 1 x 6556 or 6556 too great, we subtract 6556 and the answer'is 6549444. 


Rue. — Annex to the multiplicand as many ciphers as the 
multiplier conluins 9's, and subtract the multiplicand from the 
result. 

784 x 99=? 4. 47.83 x 99999 =? 
587.3 x 999 =? 5. 756 x 999999 = ? 


134. When the multiplier is a number a few units less than 
the next higher unit. 


If we wish to multiply by 97, which is 100 — 3, we can evidently annex 
2 ciphers to the multiplicand, and subtract 3 times the multiplicand from 
the result. If our multiplier is 991, which is 1000 — 9, we can subtract 9 
times the multiplicand from 1000 times the multiplicand. 


1. Multiply 6556 by 993. 
OPERATION, 
6556000 —(7 x 6556) = 6556000 — 45892 =6510108 Ans. 


Sorurioy. — We proceed as in Ex. 1, § 183, but since 1000 is 7 greater 
than 993, we must subtract 7 x 6556 from 6556000 and the answer is 6510108. 


Rut. — Multiply by the next higher unit by annexing ciphers. 
From this result subtract as many times the multiplicand as there 
are units in the difference between the multiplier and the neat 
higher wnit. 

2. 786 x 93 =? 5. 7873.5 x 995 =? 
8. 4327 x 96 =? 6. 45789 x 9994 = ? 
4. 7328 x 997 =? 7. 707.736 x 999993 = ? 


tanita 
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135. When the left-hand figure of the multiplier is the unit 
1, the right-hand figure is any digit whatever, and the inter- 


yening figures, if any, are ciphers. 


1, Multiply 3684 by 17. 


OPERATION. SoLuTion.—If we multiply by the usual method, we 
3684 x17 obtain, separately, 7 times and 10 times the multiplicand, 
——— andaddthem. We imay therefore multiply by the 7 units, 
62628 Ans. and to the product add the multiplicand regarded as tens, 
thus: 7 times 4= 28, and we write the 8 as the unit figure 
of the product. Then, 7 times 8= 656, and the 2 reserved being added 
= 58, and the 4 in the multiplicand, added, = 62, and we write 2 in the 
product. Next, 7 times 6, plus the 6 reserved, plus the 8 in the multipli- 
cand, = 56, and we write 6 in the product. Next, 7 times *%, plus the 
6 reserved, plus the 36 in the multiplicand, = 62, which we write in the 
product, and the work is done. 
Had the multiplier been 107, we should have multiplied two figures of 


the multiplicand by 7, before we commenced adding the divits of the 
multiplicand to the partial products ; 3 figures had the multiplier been 
1007, ete. 


Rure.—I. Write the multiplier at the right of the muliiplicand, 
with the sign of multiplication between them. 

Il. Multiply the multiplicand by the unit term of the multi- 
plier, and to the product add the multiplicand, regarding its local 
value as a product by the left-hand term of the multiplier. 


Find the products : 


2. d67 x 13. 5. 18075 x 1008. 8. 201.5 x 105. 
3. 439603 x 105. 6. 390.7 x 10002. 9. 3.162 x 104. 
4. 7859 x 107. 7. 143.01 x 10005. 10. 42.51 x 106. 


136. When the left-hand figure of the multiplier is any digit, 
the right-hand figure is the unit 1, and the intermediate figures, 
if any, are ciphers. 


1. Multiply 834267 by 301. 


OPERATION, Sorutioy. — Regarding the multiplicand as a 
834267 x 301 peauct by the unit 1, of the multiplier, we multiply 
TPT the multiplicand by 3 hundreds, and add the digits 
251114367 Ans. of the multiplicand to the several products as we 


proceed. Since the 3 is hundreds, the two right-hand figures of the mul- 
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tiplicand will be the two right hand figures of the product ; and the prod- 
uct of 3 x 7 will be increased by 2, the hundreds of the multiplicand. 

Had the multiplier been 31, the ¢ens of the multiplicand would have 
been added to 38 x 7; had the multiplier been 3001 the thousands of the 
multiplicand would have been added to 3 x 7; and so on. 

Ruie.—I. Write the multiplier at the right of the multiplicand, 
with the sign of multiplication between them. 

Il. Multiply the multiplicand by the left-hand term of the 
+ multiplier, and to the product add the multiplicand, regarding its 
local value as a product by the unit term of the rvultiplier. 


Multiply : 
2. 56783 by 71. 4. 3724.5 by 901. 
3. 47.89 by GOL. 5. 103078 by 40001. 


137. When the digits of the multiplier are all the same figure. 
1. Multiply $1362 by 333. 
OPERATION. ie 
66 So.ution.— We first multiply by 999 (§ 133). 
2 
ST al Then, since 333 is 3 of 999, we take } of the product. 
8 1362 Had our multiplier been 444, we would have taken 
3)81280638 4 of 999 times the multiplicand. Had it been 66, we 
aS would have taken § = ? of 99 times the multiplicand. 
270938546 Ans. 


Rute. —I. Ifultiply by as many 9’s as the multiplier contains 
digits, by § 193 

Il. Take such a part of the product as 1 digit of the multiplier 
is part of 9. 

2. 432711 x 222 =? 4. .6732 x 88888 =? 


3. 578 x 1111 =? 5. 867.5 x T1777 =? 


138. To square a number consisting of only two digits. 
1. What is the square of 18 ? 


OPERATION. So.urion.— 18? = 18 x 18 (§ 108). Nowif one 

ape 9 92 of these factors is diminished by 2, the product 
eS GS ae + will be less than the square of 18 by 2 times the 
= 324 Ans. other factor (§ 123, II) ; that is, 182 =(16 x 18) 
+(2x 18). Next, if we increase the other factor, 18, in this result, by 2, 
the whole result will exceed the square of 18, by 2 times the other factor, 
16 (§ 123, III); that is, 18? =(16 x 20)+(2 x 18)—(@ x 16). But as 2 
times 18 minus 2 times 16 is equal to 2 x 2, or 22, we have 182=16 x 20+ 22, 
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Rute.—I. Take two numbers, one of which is as many units 
less than the number to be squared as the other is units greater, 
and one of the numbers taken an exact number of tens. 

Il. Find the product of these two numbers, and to it add the 
square of the difference between the given number and ore of the 
assumed numbers. 


Norte. —A little practice will enable the pupil to square mentally any number less than 
100 by this rule. 


Find the square of: 

SeveD como mole ll. 77. 14. 69. 17. 59. 
3. 49. 6. 39. 9. 36. 12. 88 15. 68. 18. 83. 
DeSmeT oomelO oD. 18. 99: 16. 62. 19.. 97. 


139. To square any number consisting of 9’s. 
1. Square 99, 999, 9999. . 


OPERATION. Sotution. —If we perform the 

9x 99= 9801 Ans operation in the ordinary way, and 
x =~" compare the results, we find that 

999 x 999= 998001 Ans. in the first case we hi for the 
9999 x 9999 = 99980001 Ans. digits one 9, an 8, one cipher, and 
1; in the second, two 9's, an 8, tco 


ciphers, and 1; in the third, three 9’s, an 8, three ciphers, and 1. ‘That 
is, each result consists of one 9 less than in the given number, an 8, the 
same number of ciphers as 9’s, and a 1. 


Rure.— Write as many 9s less one as there are in the given 
number, an 8, as many ciphers as 9’s, and a 1. 


2. Find the square of 99999. 
8. What is the square of 999999 ? 
4, What is 9 times 999999999? ? 


140. An Aliquot or Even Part of a number is such a part as 
will exactly divide that number. Thus, 5, 81, and 121 are 
aliquot parts of 25 and of 100, ete. 


Nore. — An aliquot part may be either a whole or a mixed number, while a component 
factor must be a whole number. 

The aliquot parts of 10 are 5, 3}, 2}, 2, 12, 1}, 14, 14. 

The aliquot parts of 100, 1000, or of any other number, may be found 
by dividing the number by 2, 3, 4, ete., until it has been divided by ab 
the integral numbers between 1 and itself. 
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141. When the multiplier is an aliquot part of some higher 
unit. 
1. Multiply 78 by 31, and by 25, separately. 


OPERATION. a ae ae af is } of 10, the next 
aes higher unit, we multiply 78 by 10 and take 
3) 780 4) 7800 1 of the product. 


260 Ans. 1950 Ans. Again, since 25 is } of 100, we multiply 
78 by 100 and take } of the product. 


Rute. —I. Multiply the given multiplicand by the unit next 
higher than the multiplier by annexing ciphers. 

Il. Take such a part of this product as the given multiplier is 
part of the next higher unit. 

Nore. — Since 69 is twice 84, we may multiply 78 by 63, by first multiplying by 84 by 


the rule just given, and then taking twice the result. In the same way we can multiply 8 
number by any niultiple of an aliquot part of a higher unit 


Multiply : 
2. 437 by 25. 5. 758642 by 124. 
3. 6872 by 2}. 6. 78563 by 125. 
4. 5754154 by 333}. 7. 57687 by 1428. 
Axiquor Parts or 100. 
50 =} of 100. j 114 = ¢ of 100. 
331 = 1 of 100. 10 = ,; of 100. 
25 =4 of 100. 97; = 7; of 100. 
20 =+1 of 100. 81 = 1, of 100. 
162 =1 of 100. | 64 =), of 100. 
« 142=+1 of 100. | 5 ==), of 100. 


121 = 1 of 100. 4 =k of 100. 


Muttieres or Axviquor Parts or 100. 


888 = § of 100. 174 = § of 100. 
871 = f of 100. 75 = fof 100. 
855 = $ of 100. 714 = $ of 100. 
831 = § of 100. 663 = § of 100. 
80 = 4 of 100. 621 = § of 100. 


ROB. NEW HIGHER ar.— 5d 
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60 = of 100. 40 = ¢ of 100. 
574 = + of 100. 374 = 3 of 100. 
558 = 3 of 100. 28% = # of 100 
444 — 4 of 100. 22% = % of 100. 
42 — $ of 100. 187, = 7 of 100. 
Auiquor Parts or 1000. 
500 = 4 of 1000. 1114 = 4 of 1000. 
3334 = + of 1000. 100 ==), of 1000. 
250 = of 1000. 90412 = 1, of 1000. 
200 = of 1000. 831 = x, of 1000. 
1663 = } of 1000. 624 = +, of 1000. 
1426 = + of 1000. 50 =~, of 1000. 
125 = of 1000. 40 =, of 1000. 


142. When the right-hand term or terms of the multiplier 
are aliquot parts of 10, 100, 1000, etc. 


1. Multiply 2183 by 12334. 


OPERATION, 
218300 : f 
Soturion. — Since 1233} = 12} x 100, we multiply 
1} by 100, and by 12}, in continued multiplication 
Rice (au 
26196 
26923663 Ans. 


Rure.—I. Reject from the right hand of the multiplier such 
term or terms as are an aliquot part of some higher unit, and 
to the remaining terms of the multiplier annex a fraction which 
expresses the aliquot part thus rejected, for a reserved multiplier. 

Ii. Annex to the multiplicand as many ciphers as are equal to 
the number of terms rejected from the right hand of the mult 
plier, and multiply the result by the reserved multiplier. 


Multiply : 
2. 43789 by 825. 5. 30724 by 733334. 
8. 58730 by 7125. 6. 47836 by 7124. 


4. 7854 by 362}, 7. 53727 by 24163. 
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148. To find the cost of a quantity when the price is an aliquot 
part of a dollar. 


1. What is the cost of a case of muslins containing 1624 yd., 
at $.121} per yard? 


OPERATION. So.Lution. — At $1 per yard the case would 
8) $ 1624 cost $1624. As $.12}= $1}, it will cost } of 
$203 Ans. $ 1624, or $203. 


Rute. — Take such a part of the given quantity as the price is 
part of one dollar. 


2. What is the cost of 568 pounds of butter at 25 cents a 
pound ? 

3. What is the cost of 28 dozen candles at $.124 a dozen? 

4. What is the cost of 576 pounds of beef at 114 cents a 
pound ? 

5. What is the cost of 64 pieces of ribbon, each containing 
10 yards at $.12} a yard ? 

6. What is the cost of 12 dozen buttons at $.374 a dozen ? 


ACCOUNTS AND BILLS. 
144. An Account is a registry of debits and credits. 


Norrs.—1. An account should always contain the names of both the parties to the 
transaction, the price or value of each item or article, and the date of the transaction. 

2. Accounts may have only one side, which may be either debit or credit; or it may 
haye two sides, debit and credit. (For the balance of an account, see § 90.) 

145. An Account Current is a full copy of an account, giving 


each item of both debit and credit sides to date. 


146. A Bill, in business transactions, is a written statement 
of articles bought or sold, with the prices of each and the total 
cost; or a statement of services rendered, with the price or 
value annexed to each item. 


147. The Footing of a Bill is the total amount or cost of all 
the items. 
Nore, —A bill of goods bought or sold, or of services received or rendered at a single 


transaction, and containing only one date, is often called a bili of parcels; and an account 
current having only one side is sometimes called a bill of items 


—— 
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148. In accounts and bills the following abbreviations are 
in general use: 


@, at. Or., creditor. M., one thousand. 
Y,, acct, account. cwt., hundredweight. mo., months. 

bal., balance. Dy., debtor. pay t, payment. 
dbl. barrels. doz., dozen. pr., pair. 

bu., bushels. hid., hogshead. rec'd, received. 

C., one hundred. (b., pound. yd., yards. 


149. When an account current or a bill is settled or paid, 
the fact should be entered on the same and signed by the 
creditor, or by the person acting for him. The YY or bill is 
then said to be receipted. Accounts and bills may be settled 
and receipted by the parties to the same, or by agents, clerks, 
or attorneys authorized to transact business for them. 


Examples, 
150. Find the cost of the several articles, and the amount or 
footing of the following bills: 
us 
Bill, receipted by clerk or agent. 


New York, July 10, 1895. 
Mr. Joun C. Hate, 


Bought of Hiz1, Groves & Co., 


10 yd. Cassimere, @ $2.85 
16 “ Bik. Silk, ws 1.124 
72 “ Ticking, « 14 
42 « Shirting, cc 163 
12 “ Flannel, « 40 
241 Thdia Silk, « 56 
14 “ Alpaca, « 55 
5 « Lace, Be 1.25 


Rec'd Payment, 
Hitt, Groves & Co., 
By J. W. Hopkins. 
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2. 
Bill, receipted by the selling party. 


Cuicaco, Sept. 20, 1894. 
CHaAsE & KenNARD, 


Bought of McDoucat, Fenton & Co., 
125 pr. Boys’ Thick Boots, @ $1.25 


275 Cali & «4,25 

ESO)“ ce cr « «3.45 

80 “ Women’s Fox’d Gaiters,“ 3.50 

GC) : Opera Boots, “ 2.75 

8 cases Men’s Calf Boots, “ 30.50 

38 “ Congress Pump Boots, “ 35.75 
40 gross Silk Buttons, “8th 


Rec'd Payment, 
McDovueat, Fenton & Co. 


3. 


Bill, settled by note. 
New York, May 4, 1894. 
Smita & Perkins, 
Bought of Kent, Lowzer & Co., 


40 chests Green Tea, (@ $27.50 
Ome = black) ac x 19.20 
16 “ Imperial “ cs 48.10 
12 sacks Java Coffee, f 17.75 
20 bb Coffee Sugar (A), “ 26.30 
15 “ Crushed “ se 31.85 
36 boxes Lemons, 3.874 
42 “ Oranges, 4.123 
25 ©“ Raisins, h 2.90 
32 bbl. Apples, a 2.50 


Rec'd Payment, by note at 6 mo., 
Kent, Lowser & Co. 
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4. 


Bill, paid by draft, and receipted by clerk. 


New Orveans, April 28, 1895, 
James Cartton & Co., 
Bought of Wintarp & HaAtx, 


150 bbl. Canada Flour, @ $ 5.50 


275 “ Genesee “ ts 6.00 
170 “ Philada. “ “ 5.00 
326 bu. Wheat, C3 85 
214 “ Corn, e 55 
800 “ Oats, ue 85 


Rec'd Payment, by draft on N.Y. 
R. 8. Crarke, 


For Witrarp & Hate. 
5. 
Account Current, not balanced or settled. 
Paivaverrura, Noy. 1, 1894. 
Mr. James Cornwatt, 

To Dover & Son, Dr. 

pH 15, To 24 Tons Swedes Iron, @ $64.30 

“ « 15 cwt. Eng. Blister Steel, “ 10.25 

June 21, “ 7 doz. Hoes (‘Trowel Steel), “ 7.78 

Aug. 10, “ 25 “ Buckeye Plows Reel O. 75 


Oct. 3, “ 14 Cross-cut Saws, a 16.124 

« 3, “ 27 cwt. Bar Lead, & 5.90 

« 3, “ 1840 lb. Chain, 092. 

Cr. 

May 25, By 20 M. Boards, @ $17.60 
July 14, “ 50 M. Shingles, fi 3.124 

« 14, “ 42M. Plank, % 9.374 
Sept. 5, “ Draft on New York, $ 1000 
« 12, “ 75. Timber, @ 3.10 

“« 12, * 360. Scantling, a 874 


Balance Due Dopcr & Son, 


ACCOUNTS AND BILLS. val 


6. 
Account Current, another form, balanced by note. 
Wa. Ricumonp & Co. 1x % CURRENT witn Woop & PoweELL. 


Dr. 


Cr. 


1895 
July} 2/To $96 pounds butter, @$.23 
Aug.|17] ‘* S72 ** cheese, * .10 


1895 
Noy | 3/By 61 barrels apples, $2.25 
“ 24) “* 70 bushels turnips, .22 


MS eas6 481 “* lord, ‘* .123 Dec.| 1)‘ 56 ** dried apples, ‘std 
Oct. | 4) ** 509 tallow, ‘ .15 « |99] “ 31 drums figs, 08 
“ 118] “ Si dozen eggs, mer) | 1896 
« 181] ‘© 15 barrels salt, “1.40 Jan.| 2| Note at 8 mo, to Bal. 
Dee. }15} ‘* 41 hams, 9631b., “12 We 
Boston, Jan. 1, 1896. Woop & PoweELt. 
New Yorks, June 1, 1895. 
Mrs. 'T. Howarp, ; 
To B. Aurman & Co., 
DRY GOODS. 
May | 6 | 3 Gloves $1.85 
1 Box Paper 48 
7 | 6 Ribbon -05 
tan Hee 16 
7 Crepon 95 
2% Damask $1.25 for 2.80 
9 | 1 Velvetecn Binding 16 
1 Doz. Bones 1.85 
10\1 ** Buttons -12 
14 | 3 Shirts 1.25 
23 | 1 Gloves 95 
4 Skeins Silk 03 
34 Mohair -60 
[ ae 
Credit ants) == 
9 | 1 Gloves 1.85 
16 | 3 Shirts 125 
25 | 3} Mohair 50 ee 


Rec'd payment June 5, 1895 


B. Atrman & Co. 
Per 
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PROOFS OF MULTIPLICATION. 


151. To prove multiplication by varying the partial products, 


This proof is based on the principle that the product of any 
two factors is the same, whichever is taken as a multiplier 
(§ 102, Prin. I). : 

Ruie.— Invert the order of the factors, that is, multiply the 
multiplier by the multiplicand. If the product is the same as the 
Jirst answer, the work ts correct. 


152. To prove multiplication by casting out the 9’s. 


Since every number is equal to an exact number of 9’s plus the sum of 
its digits § 77, if the excess of 9’s in the digits is subtracted from a num- 
ber the remainder must be an exact number of 9’s, Hence we have the 
following principles : 

Princrptes.—I. If the excess of 9’s is subtracted from a 
number, the remainder will be a number having no excess of 9's. 

Il. If a number having no excess of 9’s is multiplied by any 
number, the product will have no excess of 9's. 


1. Prove by excess of 9’s that 473 multiplied by 138 = 65274. 


Soturion. —The excess of 9’s in 


EXPLANATION. 473 is 5, and 473 = 468 + 5, of which 
473 = 468 + 5 the first part, 468, contains no excess 
138 =135 +3 of 9's (1). The excess of 9’s in 138 


is 3, and 138 = 135 + 3, of which the 
468 x 135 = 63180 first part, 185, contains no excess of 


Partial 5x185= 675 9s(1). Multiplying both parts of 
products, |468x%3 = 1404 the multiplicand by each part of the 
eR) 15 multiplier, we have four partial prod- 

ucts, the first three have no excess of 

Entire product, 65274 9's, because each contains a factor 
having no excess of 9’s (II). There- 

OPERATION. fore, the excess of 9’s in the entire 

473, exe. 5 product must be the same as the ex- 
138, exc. 3 cess of 9’s in the last partial product, 


15, which we find to be 6. The same 
may be shown of any two numbers. 


65274, exc. 6 15, exe, 6. 


Rure.— From the product of the excess of 9’s in the multipli- 
cand and multiplier, cast out the 9's. Compare the excess with 
the excess in the answer. 
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158. To prove multiplication by casting out the 11’s. 


1. Prove by excess of 11’s that 473 multiplied by 188=65274. 


So.ution. — This proof depends upon 
the same principles as govern the proof 
473, 7—7=0 by excess of s. We find by § 78 that 
138 C= 016 the excess of 11's in the multiplicand 
6 74. 0 is 0, in the multiplier 6, their product 
0 


OPERATION, 


is 0 x6=0. The excess of 11’s in the 
product 65274 is also 0, hence that 
answer is probably correct. 


12\—12=0, exc. exc. = 


Ruiz. — Prom the product of the excess of 11’s in the multipli- 
cand and multiplier cast out the 11’s. Compare the excess with the 
excess in the answer. 


Norr. — If the excess of 9's or 11’s in either factor is 0, the excess of 9's or 11's in the 
product will be 0 (§ 152, IT). 


154. To prove multiplication by summing up the digits. 


1. Prove by summing up the digits that 473 multiplied by 
138 = 65274. 


OPERATION. Sorurron. — Summing up the digits 

in the multiplicand (§ 79) the product 
473, 5 is 5; in the multiplier 3. ‘Their prod- 
138, 3 uct, 15, summed up =6, the final 


a. Re ,, digit. The final digit in 65274 = 6. 
C274, Candis. 15, 6 snaiarg. Hence the answer is probably correct, 
Rute.— Sum up the multiplicand and the multiplier and find 


the final digit of the product. Compare this with the final digit 
of the answer. 


Examples combining the Preceding Rules. 


155. 1. A man bought two farms, one containing 175 acres, 
at $28 per acre, and the other containing 320 acres, at $37 
per acre. What was the cost of both? 


2. If aman receives $1200 yearly salary, and pays $ 364 for 
board, $ 275 for clothing, $150 for books, and $187 for other 
expenses, how much can he save in 5 years? 


————— 
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$. Two persons start from the same point, and travel in 
opposite directions; one travels 29 miles a day, and the other 
32 miles. How far apart will they be in 17 days ? 

4. A drover who bought 127 head of cattle, at $34 a head, 
and 97 head, at $47 a head, sold the whole lot at $40 a head. 
What was his entire profit or loss ? 

5. The lowest standard amount of fresh air needed for each 
person is 45 cubic feet a minute. If a schoolroom contains 
50 pupils, how much fresh air must pass through it during a 
session of 3 hours to keep the atmosphere pure ? 

6. Find the value of 2* x 5°—7°*. 

7. 15°— (3? x 25) + 208’—9 x 24. 

8. If a house is worth $2450, and the farm on which it 
stands 6 times as much, lacking $500, and the stock on the 
farm twice as much as the house, what is the value of the 
whole ? 

9. A man invests in trade at one time $450, at another 
$780, at another $1250, and at another $2275. Mow much 
must he add to these sums, that the amount invested by him 
originally shall be increased fourfold ? 

10. In a certain city there are 997 public schools, each con- 
taining an average of 665 pupils. How many public school 
pupils are there in that city ? 

11. If a steam car travels at the rate of 625 miles a day, 
how many miles will it cover in 19 days? in 109 days? 

12. The cost of the Atlantic Telegraph Cable, as originally 
made, was as follows: 2500 miles at $485 per mile, 10 miles 
deep-sea cable at $1450 per mile, and 25 miles shore ends at 
$1250 per mile. What was its total cost ? 

13. What is the area of a square lot which is 59 ft. long ? 

14. A merchant sold 54 yards of calico at $.162 per yard, 16 
pieces of sheeting, each piece containing 33 yards, at $.06} 
per yard, and received in payment 18 bushels of oats, at $ .334 
per bushel, and the balance in money. How much money did 
he receive? 


| 
| 
| 
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156. Division is the process of separating a number into 
equal parts, or of finding how many times one number is con- 
tained in another. 

157. The Dividend is the number to be divided. 

158. The Divisor is the number to divide by. 

159. The Quotient is the result obtained by the division. 

160. The Reciprocal of a number is 1 divided by the number. 
Thus, the reciprocal of 15 is 1 + 15, or je. 


Notes. —1. When the dividend does not contain the divisor an exact number of times, 
the part of the dividend left is called the Remainder, and this must be less than the divisor, 

2, As the remainder is always a part of the dividend, it is always of the same name or 
kind. When there is no rer der the division is said to be eaact, 


161. In separating a number into equal parts, the divisor is 
aways abstract, and the dividend and quotient are like num- 
bers. This is sometimes called the Partitive form of division. 

Thus, if we wish to divide 35 cents equally among 7 children, each 
child will receive one of 7 equal parts into which 35 cents may be 


divided, or } of 35 cents, which is 5 cents. 35 cents +7=5cents. The 
dividend and quotient are like numbers, and the divisor is abstract. 


162. In finding how many times one number is contained in 
another, the divisor and dividend are like numbers (concrete or 
abstract), and the quotient is always abstract. This is some- 
times called the Measuring form of division. 

Thus, if we wish to find how many oranges can be bought for 85 cents, 
if each costs 7 cents, we say as many oranges can be bought as 7 cents is 


contained times in 35 cents, which is 7 times. 35¢+5¢=7. The 


divisor and dividend are like numbers (cents), and the quotient is 
abstract. 
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163. The method of dividing any number by another depends 
upon the following principles: 


Principres.—I. Division is the reverse af multiplication, 
the dividend corresponding to the product, and the divisor and 
quotient to the factors. 

Il. Jf all the parts of a number are divided, the entire num- 
ter will be divided. 

Il. Since the remainder in dividing any part of the dividend 
must be less than the divisor; it can be divided only by being 
expressed in units of a lower order ; hence the operation must 
commence with the units of the highest order. 


Examples. 
164. 1. Divide 2742 by 6. 
OPERATION, So.ution.— We write the divisor at the left of the 
6) 2742 dividend, separated from it by a line. As 6 is not con- 


tained in 2 thousands, we take the 2 thousands and 7 

457 Ans. hundreds together, and proceed thus: 6 is contained in 

27 hundreds 4 hundreds times, and the remainder is 3 

hundreds; we write 4 in hundreds? place in the quotient, and unite the 

remainder, 3 hundreds, to the next figure of the dividend, making 34 

tens ; then, 6 is contained in 34 tens 5 tens times, and the remainder is 4 

tens; writing 5 tens in its place in the quotient, we unite the remainder 

to the next figure in the dividend, making 42; 6 is contained in 42 units 

7 times, and there is no remainder; writing 7 in its place in the quotient, 
we haye the entire quotient, 457. 


Nore.—The different numbers which we divide in obtaining the successive figures of 
the quotient, are called partial dividends. 


2. Divide 18149 by 56. 
OPERATION. So.urion. — As neither 1 nor 18 


56) 18149 (324.8, Ans. will contain the divisor, we take 


three terms, 181, for the first par- 


168 tial dividend. 56 is contained in 
134 181, 3 times, with a remainder; we 
112 write the 3 as the first figure in the 
sa quotient, and then multiply the 

229 divisor by this quotient term, 3 
224 times 56 = 168, which, subtracted 


from 181, leaves 13; to this remain- 
der we annex or bring down 4, the 
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next term of the dividend, and thus form 134, the next partial dividend ; 
56 is contained in 134, 2 times, with a remainder ; 2 times 56 = 112, which, 
subtracted from 134, leaves 22; to this remainder we bring down 9, the 
last term of the dividend, and we have 229, the last partial dividend ; 
66 is contained in 229, 4 times, with a remainder; 4 times 56 = 224, 
which, subtracted from 229, gives 5, the final remainder, which we write 
in the quotient with the divisor below it, thus completing the division. 
Nore. — When the multiplication and subtraction are performed mentally, as in the first 
example, the operation Is called Short Division; but when the work is written out in full, 


as in the second example, the operation is called Long Division. The principles governing 
the two methods are the same. 


3. Divide 181.44 by 56. 


Sorution. —56 is contained in 
OPERATION, : . * 
181, 3 times, with a remainder of 13 


56) 181.44 (3.24 Ans. units. ‘lo this remainder we annex 
168 the next term of the dividend, 

= which is 4 tenths, thus making 184 

154 tenths; 56 is contained in 134 tenths, 

112 2 tenths times, with a remainder; 

224. so we place 2 in the quotient, pre- 

204 ceded by the decimal point. To the 


remainder, 22 tenths, we add the 4 
hundredths of the dividend, making 


224 hundredths ; 56 is contained in 224 hundredths, 4 hundredths times,” 


without a remainder, so we place 4 in hundredths’ place in the quotient, 
and the answer is 3.24. 

Rute.—I. Beginning at the left hand, take for the first par- 
tial dividend the fewest terms of the given dividend that will 
contain the divisor one or more times; find how many times the 
divisor is contained in this partial dividend, and write the result 
in the quotient; muitiply the divisor by this quotient term, and 
subtract the product from the partial dividend used. 

Il. To the remainder bring down the next term of the divi- 
dend, with which proceed as before; and thus continue till all the 
terms of the dividend have been divided. 

Ill. In dividing a decimal by a whole number, place a decimal 
point in the quotient as soon as the decimal point in the dividend 
is reached, or point off as many decimal places in the quotient as 
there are in the dividend. 

IV. If the division is not exact, place the final remainder in 
the quotient, and write the divisor underneath. 

Nore. — For the rule for dividing a decimal by a decimal see § 290, 
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Divide: 

4. 6) 473832. 11. 36381.25 by 125. 

5. 8) 972496. 12. 1554768 by 216. 

6. 9) 1370961. 18. 4828.8058 by 3094. 

7. 12) 73042164. 14. 112.1488 by 232. 

8. 170352 by 36. 15. 27085946 by 216. 

9. 40988.7 by 47. 16. 29137.16 by 5317. 
10. 443520 by 84. 17. 49179.2525 by 2359. 
What is the value of: 

“18. 3931.476 + 556? 21. 536819.1968 + 907? 

19. 721198 + 291? 22. 571938.5742 + 37149? 

20. 3844449 + 657 ? 23. 48659910 + 54001? 

24. The annual receipts of a manufacturing company are 
$147675. How much is that per day, there being 365 days in 
the year? 

25. A man who fails in business owes $115275. His 


property is valued at $40346.25. How much can he pay on 
a dollar? 

26. There are 5280 ft. in a mile. How many miles are 
equivalent to 295680 ft. ? 

27. The telegraph poles along a railroad are set 264 ft. 
apart. In passing by train I counted 82 poles in 10 minutes. 
How many miles an hour was the train running ? 

28. Ifa bank pays me $16875 interest on $ 281250 for 1 
year, how much will it pay on $ 6250 for the same time ? 

a9. If a tax of $72320084.75 is equally levied on 10735 
towns, what amount must each town pay ? 

$0. If there are 699425 books in a number of libraries, and 
each has an average of 27977 books, what is the number of 
libraries ? 

31. The world contains an area of 52361115 square miles, 
and its population is estimated at 1479486192. How many 
people are there in the world to a square mile ? 
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165. The general principles of division most important in 
their application, relate: first, to changing the terms of division 
by addition or subtraction; second, to changing the terms of 
division by multiplication or division; third, to successive 
division. 

The quotient in division depends upon the relative values of the divi- 
dend and divisor. Hence, any change in the value of either dividend or 
divisor must produce a change in the value of the quotient; though 


certain changes may be made in both dividend and divisor at the same 
time, that will not affect the quotient. 


166. Changing the terms by addition or subtraction, 


Since the dividend corresponds to a product, of which the divisor and 
quotient are factors, we observe, 


1. If the divisor is increased by 1, the dividend must be increased 
by as many units as there are in the quotient, in order that the quotient 
may remain the same (§ 128, I); and if the dividend is not thus 
increased, the quotient will be diminished by as many units as the 
number of times the new divisor is contained in the quotient. 


84 +6 = 14, 84+7= 1M —= 12, 


2. If the divisor is diminished by 1, the dividend must be diminished 
by as many units as there are in the quotient, in order that the quotient 
may remain the same (§ 128, II); and if the dividend is not thus 
diminished, the quotient will be increased by as many units as the num- 
ber of times the new divisor is contained in the quotient. 


144+ 9= 16, 144+8=16+4146=18, 
167. These principles may be stated as follows: 


Princretes.—I. Adding 1 to the divisor takes as many units 
from the quotient as the new divisor is contained times in the 
quotient. 

Il. Subtracting 1 from the divisor adds as many units to the 
quotient as the new divisor is contained times in the quotient. 

Ill. Appmne any number to the divisor suBTRACTS as many 
units from the quotient as the new divisor is contained times in 
the product of the quotient by the number added; and sus- 
TRAOTING any number from the divisor ADDS as many units to 
the quotient as the new divisor is contained times in the product 
of the quotient by the number subtracted. 
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168. Changing the terms by multiplication or division. 

1. If any divisor is contained in a given dividend a certain number of 
times, the same divisor will be contained in twice the dividend twice as 
many times; in three times the dividend, three times as many times ; and 
so on. 


I. Multiplying the dividend by any number multiplies the 
quotient by the same number. 

2. If any divisor is contained in a given dividend a certain number of 
times, the same divisor will be contained in one half the dividend one 
half as many times; in one third the dividend, one third as many times , 
and so on. 


Il. Dividing the dividend by any number divides the quotien 
by the same number. 

8. If a given divisor is contained in any dividend a certain number of 
times, twice the divisor will be contained in the same dividend one half 
as many times; three times the divisor, one third as many times; and 
sO on. 


Ill. Multiplying the divisor by any number divides the quo- 
tient by the same number. 

4. If a given divisor is contained in any dividend a certain number of 
times, one half the divisor will be contained in the same dividend twice 


as many times; one third of the divisor, three times as many times ; and 
so on. 


TY. Dividing the divisor by any number multiplies the quo- 
tient by the same number. 

5. If a given divisor is contained in a given dividend a certain number 
of times, twice the divisor will be contained the same number of times 


in twice the dividend ; three times the divisor will be contained the same 
number of times in three times the dividend ; and so on. 


Y. Multiplying both dividend and divisor by the same number 
does not alter the quotient. 

6. If a given divisor is contained in a given dividend a certain number 
of times, one half the divisor will be contained the same number of times 


in one half the dividend; one third of the divisor will be contained the 
same number of times in one third of the dividend; and so on. 


VI. Dividing both dividend and divisor by the same number 
does not alter the quotient. 
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Nore. —If a number is multiplied and the product divided by the same number, the 
quotient will be equal to the number multiplied ; hence the fifth case may be regarded as a 
direct consequence of the first and third; and the sixth, as the direct consequence of the 
second and fourth. 


To illustrate these cases, take 24 for a dividend and 6 for 
a divisor; then the quotient will be 4, and the several changes 
may be represented in their order as follows: 


Dividend. Divisor. Quotient. 


24+6= 4 
; = Multiplying the dividend by 2 multiplies the quo- 
Pees t 6 = § tient by 2. 
Pio 6 = 2 Dividing the dividend by 2 divides the quotient 
ole a. by 2. , 
D2 = 2 { Multiplying the divisor by 2 divides the quotient 
Sede te = 2 by 2. 
Dividing the divisor by 2 multiplies the quotient 
Gy a os g y ip quotie 
soe 3 = § L by 2. 
Multiplying both dividend and divisor by 2 does 
+12 = ‘ - = y 
5. 48 +12 = 4 { not alter the quotient. 
Pips 8 = ¢ Dividing both dividend and divisor by 2 does not 


alter the quotient. 


169. These six cases constitute three general principles, 
which may now be stated as follows: 


PrincrpLes.— 1. Multiplying the dividend multiplies the quo- 
tient, and dividing the dividend divides the quotient. 


Il. Multiplying the divisor divides the quotient, and dividing 
the divisor multiplies the quotient. 


Ill. Multiplying or dividing both dividend and divisor by the 
same number does not alter the quotient. 


170. These three principles may be embraced in one general 
law: 


GenreraL Law. — A change in the DIVIDEND produces @ LIKE 
change in the quotient ; but a change in the DivisoR produces an 
OPPOSITE change in the quotient. 


ROB. NEW HIGHER AR. —6 
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171. Successive Division is the process of dividing one num. 
ber by another, and the resulting quotient by a second divisor, 
and soon. It is the reverse of continued multiplication. 


172. Successive division is based on the following principles : 

Privcrptes.—I. Jf a given number is divided by several 
numbers in successive division, the result will be the same as if 
the given number were divided by the product of the several 
divisors (§ 125, 1). 

Il. The result of successive division is the same in whatever 
order the divisors are taken (§ 125, II). 


CONTRACTIONS IN DIVISION. 
Examples. 


173. To abbreviate long division. 


We may avoid writing the products in long division, and obtain the 
successive remainders by the method of subtraction employed in the case 
of several subtrahends (§ 87). 


1. Divide 261249 by 487. 


OPERATION. Soturion. — Dividing the first partial dividend, 
uo. —_ 2612, we obtain 5 for the first term of the quotient. 
487)261249(536 We then multiply 487 by 5; but instead of writing 
177 the product, and subtracting it from the partial 
313 dividend, we simply observe what numbers must 
217 Rem. be added to the product, as we proceed, to give the 
terms of the partial dividend, and write them for the remainder sought. 
‘Thus, 5 times 7 are 35, and 7 (written in the remainder) are 42, a number 
whose unit term is the same as the right-hand term of the partial divi- 
dend ; 5 times 8 are 40, and 4, the tens of the 42, are 44, and 7 (written 
in the remainder) are 51; 5 times 4 are 20, and 5, the tens of the 51, are 
25, and 1 (written in the remainder) are 26. We next consider the 
whole remainder, 177, as joined with 4, the next term of the dividend, 
making 1774 for the next partial dividend. Proceeding as before, we 
obtain 313 for the second remainder, 217 for the final remainder, and 636 
for the entire quotient. 


Ruze.—I. Obtain the highest term in the quotient in the usual 
manner. 

IL. Multiply the wnit term of the divisor by this quotient 
term, and write such a number in the remainder as, added to this 
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partial product, will give an amount having for its unit term the 
Jirst or right-hand term of the partial dividend used. 

WL. Carry the tens’ term of the amount to the product of the 
neat term of the divisor, and proceed as before, till the entire 
remainder is obtained. 

IV. Conceive this remainder to be joined to the next term of 
the dividend for a new partial dividend, and proceed as with the 
former till the work is jinished. 


Divide: 

2. 77112 by 204. 7. 760592 by 6791. 

3. 65664 by 72. 8. 101443929 by 25203. 
4. 7913576 by 209. 9. 1246038849 by 269181. 
5. 6636584 by 698. 10. 2318922 by 56240. 

6. 4024156 by 8903. 11. 1454900 by 17300. 


174. When the divisor is a composite number. 
1. Divide 1242 by 54. 


Sotutron. —'The component factors of 54 are 6 and 9. 


OPERATION. We divide 1242 by 6, and the resulting quotient by 9, 
6) 1242 and obtain for the final result, 23, which must be the 
9) 207 same as the quotient of 1242 divided by 6 times 9, or 54 


93 Ans. (8 172, I). We might have obtained the same result by 
* dividing first by 9, and then by 6 (§ 172, I). 


Rutz. — Divide the dividend by one of the factors, and the 
quotient thus obiained by another, and so on if there are more 


than two factors, until every factor has been made a divisor. The 
last quotient will be the quotient required. 


What is the value of: 


2. 7315 + 35. 7. 181440 + 504. 
8. 48384 + 54. 8. 101088 + 972. 
4, 38850 + 75. 9. 850500 + 180. 
5. 62937 + 189. 10. 155925 ~ 2079. 


~6. 182280 + 120. 11. 466560 + 1296. 
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175. To find the true remainder. 

If remainders occur in successive division, it is evident that the true 
remainder must be the least number which, subtracted from the given 
dividend, will render all the divisions exact. 


1. Divide 5855 by 168, using the factors 3, 7, and 8, and 
find the true remainder. 


OPERATION. So.urion. — Dividing the given divi- 
3)5855 dend by 8, we have 1951 for a quotient, 
WOE and a remainder of 2. Hence, 2 sub- 
71951 5000006 tracted from 5855 would render the first 

8)278 ....5x38= 15 division exact, and we therefore write 2 
yi fora part of the true remainder. Divid. 
34. .6x7x3=126 ing 1951 by 7, we have 278 for a quo- 
True remainder ........ 148 tient, and a remainder of 5. Hence, 6 
subtracted from 1951 would render the 
second division exact. But to diminish 1951 by 5 would require us to 
diminish 1951 x 3, the dividend of the first exact division, by 5 x 3= 15 
(§ 123, III) ; and we therefore write 15 for the second part of the true 
remainder. Dividing 278 by 8, we have 34 for a quotient, and a remain- 
der of 6. Hence, 6 subtracted from 278 would render the third division 
exact. But to diminish 278 by 6 would require us to diminish 278 x 7, 
the dividend of the second exact division, by 6 x 7; or 278 x 7 x 3, the 
dividend of the tirst exact division, by 6 x 7 x 3 = 126; and we therefore 
write 126 for the third part of the true remainder. Adding the three 
parts, we have 143 for the entire remainder. 


Rure.—I. Multiply each partial remainder by all the pre- 
ceding divisors. 

IL. Add the several products; the sum will be the true remain- 
der. 


Perform the division by factoring, and find the true re 
mainder. 


2. 439 +15. 9. 553 + 15. 

3. 4720 + 56. 10. 10183 + 105. 
4. 17858 + 72. 11. 10199 + 120. 
5. 15289 + 42. 12. 29795 + 144. 
6. 972562 + 168. 13. 73522 + 168. 
7. 526061 + 126. 14. 63844 + 135. 
8. 612480 ~ 105. 15. 386639 ~ 720. 
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176. When the divisor is 10, 100, 1000, 10000, etc. 


Tf we cut off or remove the right-hand figure of a number, each of the 
other figures is removed one place toward the right, and, consequently, 
the value of each term is diminished tenfold, or divided by 10 (§ 62). For 
a similar reason, by cutting off ¢wo figures we divide by 100 ; by cutting off 
three, by 1000, etc. ; and the figures cut off will constitute the remainder. 


1. Divide 26825 by 1000. 


OPERATION, So.ution. — Since there are three ciphers in the 
26825 -- 1000 = divisor, we cut off three figures from the dividend, 
26/825 — 26.825 which constitute the remainder, and the answer is 

| hae i000" 26 Axres 


Rute. — Irom the right hand of the dividend cut off as many 
figures as there are ciphers in the divisor. Under the figures so 
cut off; place the divisor, and the whole will represent the quotient. 


Divide : 

2. 79 by 10. 5. 2301.05 by 10000. 
3. 7982 by 100. 6. 36000.36 by 1000. 
4. 4003 by 1000. 7. 2373.509 by 100. 


177. When there are ciphers on the right hand of the divisor. 
1. Divide 25548 by 700. 


OPERATION. So.ution. — We resolve 700 into the 
7|00) 255 48 factors 100 and 7. Dividing first by 


100, the quotient is 255, and the remain- 

36, Quotient. 3, 2drem. er 48. Dividing 255 by 7, the final 

3 x 100 + 48 = 348, true rem, quotient is 36, and the second remainder 
Multiplying the last remainder, 3, 

by the preceding divisor, 100, and adding the preceding remainder, we 
haye 300 + 48 = 348, the true remainder (§ 175). In practice, the true 
remainder may be obtained by prefixing the second remainder to the first. 


Rure.—I. Cut off the ciphers from the right of the divisor, 
and the same number of figures from the right of the dividend. 

Il. Divide the remaining terms of the dividend by the remain- 
ing terms of the divisor, for the final quotient. 

Ill. Prefix the remainder to the figures cut off, and the result 
will represent the true remainder. 
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Divide: 

2. 7856 by 900. 6. 436000 by 300. 

3. 13872 by 500. 7. 66472000 by $100. 
4. 83248 by 2600. 8. 10818000 by 3600. 
5. 1548036 by 4300. 9. 9756.84 by 800. 


178. When the figure on the right hand of the divisor is 5. 
1. Divide 6545 by 55. 


OPERATION. 
55) 6545 Soturion. —If we multiply both dividend and 
9 9 divisor by 2, the quotient will not be changed (§ 169, 
ns Ill), and we shall have a cipher on the right hand of 
11/0 )1309/0 the divisor. We then proceed to divide as in $ 177. 
119 Ans. 


Rure. — Multiply both dividend and divisor by 2 and proceed 
as in § 177. 


2. 83000 + 55. 5. 2020005 + 50055. 
3. 24245 = 5555. 6. 341220 + 2095. 


4. 1096234 + 4355. 7. 12156555 + 140655. 


179. When the divisor is an aliquot part of some higher unit. 

1. Divide 260 by 3}, and 1950 by 25. 

OPERATION. Sorution.—Since 3} is } of 10 (§ 140), the next higher 
260 19)50 unit, we divide 260 by 10; and having used 3 times our 


3 true divisor, we obtain only } of our true quotient. Multi- 
—— -— plying the result, 26, by 3, we have 78, the true quotient. 
(88 Since 26 is } of 100, the next higher unit, we divide 1950 


by 100; and having used 4 times our true divisor, the 
result, 19.5, is only } of our true quotient. Multiplying 19.5 by 4, we 
have 78, the true quotient. 


Rure.—I. Divide the given dividend by a unit of the order 
next higher than the divisor, by cutting off figures from the right. 


Il. Take as many times this quotient as the divisor is con 
tained times in the neat higher unit. 


2. 63475 +26. 5. 16.7324 + 123. 
3. 7856 + 125, 6. 1748 + 142. 
4. 516 + 333}. 7. 576.34 + 162. 
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180. When the right-hand figure or figures of the divisor are 
an aliquot part of 10, 100, 1000, etc. 
1. Divide 26923663 by 12334. 
OPERATION. 
12331) 26923663 Soxution. — Since 331 is 1 of 100, we 
3 3 multiply both dividend and divisor by 


==> == 3 (§ 169, IIL), and we obtain a divisor 
3700 ) om 71|00 (2183 Ans. tne component factors of which are 100 
Wf 


and 37. We then divide by contracted 


307 division (§ 178). 
111 

2. Divide 601387 by 1875. 
OPERATION. So.ution. — Multiplying both divi- 
1875) 601387 dend and divisor by 4, we obtain a new 
4 4 divisor, 7500, having 2 ciphers on the 
— right of it. Multiplying again by 4, we 
7500) 2405548 obtain a new divisor, 30000, having 4 
4 4. ciphers on the right. Then dividing 
emma ac the new dividend by the new divisor, 
3|0000) 962|21 92 we obtain 320 for a quotient, and 22192 
320 138 1 Ans. fora remainder. As this remainder is 

SUS eal 


a part of the new dividend, it must be 
4x4= 16 times the true remainder; we therefore divide it by 16, and 
write the result over the given divisor, 1875, and annex the fraction thus 
formed to the integers of the quotient. 

Rupe.—I. Multiply both dividend and divisor by a number 
or numbers that will produce for a new divisor a number ending 
in a cipher or ciphers. 

Il. Divide the new dividend by the new divisor. 


Nore, —If the divisor is » whole number, the multiplier will be 2, 4, 5, or 8, or some 
multiple of one of these numbers. 


Divide: 

8. 64375 by 2575. 6. 5736 by 43125. 

4. 76394 by 3625. 7. 42.75 by 5662. 

5. 7325 by 4334. 8. 24409375 by 21875. 
Find the value of: 

9. 6225 + 663. 12. 234.95 +175. 
10. 134.24 + 1874. 13. 100000 = 1114. 


11. 22250 + 125. 14. 2413.15 + 625. 
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PROOFS OF DIVISION. 


181. To prove division by multiplication. 
The dividend is a product of which the divisor and quotient are factors. 


Rue. — Multiply the quotient by the divisor, and to the product 
add the remainder, if any. If the result is equal to the dividend, 
the work is correct. 


182. To prove division by casting out 9’s. 


1. Prove by excess of 9’s that 2075 + 22 = 94 with a re- 
mainder of 7. 
OPERATION, So.ution. — The excess of 9's in the 


92) 2075 (94, exc. 4 divisor is 4 (§ 77), and in the quotient 
DANIO (OS, ox 4; the excess in their product 16, is 7. 
exc.4 7 


— After subtracting the remainder from 
2068, exc. 7. the dividend, we have 2068, in which 


4x 4=16, exe. 7 in prod. the excess of 9’s is also 7; hence the 

answer is probably correct. 

Rouwe.— Find the excess of 9’s in the quotient and divisor 
and take their product. Cast out the 9’s from this product and 
compare the result with the excess of 9’s in the dividend after the 
remainder, if any, hus been subtracted. 


183. To prove division by casting out 11’s. 


1. Prove by excess of 11’s that 2075+ 22=94 with a 
remainder of 7. 
OPERATION, 
22) 2075 (94, exc. = 4 + (11) —9=6. 
exc.0 7 
2068, 8 —8 =0, exe. 

0 x 6=0, exe. in prod. 

Soxutioy.—The excess of 11’s in the divisor is 0 (§ 78), and in the 
quotient 6; their product is 0. Subtracting 7 from 2075, the excess of 
11’s in the remaining dividend is 0, hence the answer is probably correct. 

Ruxe.— Find the excess of 11’s in the quotient and divisor 
and take their product. Cast out the 11’s from this product and 
compare the result with the eacess of 11’s in the dividend after the 
remainder, if any, has been subtracted. 
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184. To prove division by summing up the digits. 


1. Prove, by summing up the digits, that 2075 + 22 = 94, 
with a remainder of 7. 


OPERATION. 
io So.ution.—Summing up the digits in the 
22) 2075 (94 a o 
ivisor, the result is 4 ($ 79), and 
i 7 13,4 ($79), and in the quo- 


tient, 4; their product, 16, gives the final digit 
2068 7. Subtracting the remainder, 7, from the 
ae livisor, we have 2068, and the final digit of thi 
= final digit, 7 ¢ Se 
4x4 ee eke 7 8 also 7, hence the answer is probably correct. 
OO» a digit, 


Rute. — Sum up the quotient and divisor, and find the final 
digit of the product. Compare with the final digit of the dividend 
after the remainder, if any, has been subtracted. 


Examples Combining the Preceding Rules. 


185. 1. How many barrels of flour at $6 a barrel will pay 
for 24 tons of coal at $4 a ton, and 86 tons at $6 a ton? 

2. A farmer exchanged his farm of 240 acres for another of 
150 acres, valued at $40 an acre. What was the value per 
acre of the farm he sold ? 

3. A farmer scold some wheat for $600, and corn and oats 
to the amount of $750. With the proceeds he bought 120 
head of sheep at $3 a head, one pair of oxen for $90, and 25 
acres of land for the remainder. How much did the land cost 
him per acre ? 

4. The product of three numbers is 107100; one of the 
numbers is 42, and another is 34. What is the third number ? 

5. A mechanic earns $60 a month, but his necessary ex- 
penses are $42 a month. How long will it take him to pay 
for a farm of 50 acres worth $36 an acre? 

6. What number is that which being divided by 45, the quo- 
tient increased by 7? + 1, the sum diminished by the difference 
between 28 and 16, the remainder multiplied by 6, and the 
product divided by 24, the quotient will be 12? 

7. If 532 is the quotient of a number, and the dividend is 
251104, what is the divisor? 
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8. Of what number is 3042 both divisor and quotient ? 

9. What must the number be which, divided by 453, will 
give the quotient 307, and the remainder 109 ? 

10. A man at the age of 33 insured his life in favor of his 
wife for $75000, paying $25 a year for every $1000 of in- 
surance. How much insurance did he pay each year? He 
died at the age of 60. How much did the sum his wife re- 
ceived exceed the amount the man had paid for insurance ? 

11. Ifa tax of $5 is levied in a town on every $ 1000 worth 
of real estate, how much will a man be taxed who owns real 
estate worth $ 275500 ? 

12. What number will leave a remainder of 10 when sub- 
tracted 162 times from 32572? 

13. A farmer bought an equal number of sheep and hogs 
for $1276. He paid $4 a head for the sheep, and S7 a head 
for the hogs. What was the whole number purchased, and 
how wuch was the difference in the total cost of each kind of 
animal ? 

14. What number will have a remainder of 36 if subtracted 
25 times from 19336 ? 

15. A drover who bought a certain number of cattle for 
$9800, sold some of them for $7680, at $64 a head, and 
gained on those he sold $960. How much a head did he 
gain, and how many did he buy ? 

16. A house and lot valued at $1200, and 6 horses at $95 
each, were exchanged for 30 acres of land. At how much was 
the land yalued per acre ? 

17. A and B were two candidates for an office. A received 
205623 votes more than B, and the total number of votes cast 
for both was 575249. How many votes did each receive ? 

18. Alaska has an area of 577390 square miles and Delaware 
2050 square miles. How many states the size of Delaware 
- could be made out of Alaska, and how many square miles 
would remain ? 

19. The product of two numbers is 55138400. One of the 
numbers is 31400; what is the other ? 
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20. If 16 men can perform a piece of work in 36 days, in 
how many days can they perform the same work with the 
assistance of 8 more men? 

21. A dealer bought 275 lamps for $1650, and sold 186 at 
$9 each, and the remainder at cost. How much was gained 
by the transaction ? 


22. A grocer wishes to put 840 pounds of tea into three 
kinds of boxes, containing respectively, 5, 10, and 15 pounds, 
using the same number of boxes of each kind. How many 
boxes can he fill? 


23. Since light moves 192000 miles a second, the difference 
of time between an electric shock and a flash of lightning is 
too small to be taken into account; but sound moves only 1142 
feet asecond. If you hear a thunderclap 8 seconds after you 
see a flash of lightning, how many miles distant is the shock, 
reckoning 5280 ft. to the mile? 

24. A coal dealer paid $965 for some coal. He sold 160 
tons for $5 a ton, and then the remainder cost him but $3 a 
ton. How many tons did he buy ? 


25. A dealer in horses paid $7560 for a certain number, and 
sold a part of them for $3825, at $85 each. By doing so, he 
lost $5ahead. Jor how mucha head must he sell the remain- 
der, to gain $ 945 on the whole? 

26. Mr. Clarke bought a western farm for $ 22360, and 
after expending $1720 in improvements upon it, he sold one 
half of it for 15480, at $18 per acre. How many acres of 
‘land did he purchase, and what was the total cost per acre ? 

27. If an insurance company has 45 clerks in a room 49 ft. 


by 110 ft., what is the average amount of floor space for each 
clerk ? 


28. If the rent of a store is $15000 a year, what is the 
average rental per day, counting 365 days to the year? 
29. The product of three numbers is 12000. The first is 25, 


and the product of the first by the second 2000. What are the 
other two ? 


AVERAGE. 


++ 


186. An Average or Mean of two or more quantities is their 
sum divided by the number of quantities added. 

Averaging consists of two distinct processes, as follows: 

1. The process of finding the mean or average value of two 
or more things of different given values. 

2. The process of finding the proportional quantities of 
articles at given prices or values, to be used to make a combi- 
nation of a given average value. 


Nore. —The second process will’be explained on p. 295, under ** Alliation Alternate.” 


Examples. 
187. To find the average value of things of different value. 


1. A miller mixes 30 bushels of rye worth $.75 a bushel, 
and 20 bushels of corn worth $.55 a bushel, with 10 bushels 
of wheat worth $.85 a bushel. What is the value of a bushel 
of the mixture ? 


OPERATION. Soxution. — Since 30 bushels of rye 

= 99 at $.75 a bushel are worth $22.50, and 
Bees 20 bushels of corn at $.55 a bushel 
$.55x 20= 11.00 are worth $11, and 10 bushels of 
$.85x10= 8.50 wheat at $.85 a bushel are worth 
ar 50, therefore the entire mixture 

60 )$42.00 eee 


consisting of 60 bushels, is worth $42, 
$.70 Ans. and one bushel is worth gy Of $42, or 
$42 + 60 = $.70. 
Rute. — Divide the entire cost or value of the ingredients or 
quantities by their sum. 
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2. Astudent received the following returns from an exami- 
nation: arithmetic, 98% history, 95%; geography, 100%; gram- 
mar, 100%; drawing, 82%. What was his average per cent? 


SoLurion. — 


98% + 95%, + 100% + 100% + 82% = 475%; 475% = 5 = 95% 


3. If a grocer mixes § pounds of tea worth $.60 a pound 
with 6 pounds at $.70 a pound, 2 pounds at $1.10, and 4 
pounds at $1.20, what is 1 pound of the mixture worth ? 

4. A grocer mixed 10 pounds of sugar at $.04 a pound, 
with 12 pounds @ $.044 and 16 pounds @ $.051. He sold 
the mixture (@ $.06 a pound. Did he gain or lose, and how 
much ? 

5. Onacertain day the thermometer registered the follow- 
ing averages: from 6 to 9 a.m., 64°; from 9 to 12, 74°; from 
12 to3 p.m., 54°; and from 38 to 6, 70°. What was the mean 
temperature of the day ? 

6. The register of attendance of a certain school for one 
week was as follows: Monday, 1050; Tuesday, 1075; Wednes- 
day, 985; Thursday, 1010; Friday, 1095. What was the 
average daily attendance for that week ? 

7. On Sunday, June 5, the temperature in New York City 


averaged 75°, on the following Monday 79°, on Tuesday 83°, 
on Wednesday 85°, on Thursday 80°, on Friday 95°, on Satur- 
day 90°. Jind the average temperature for the week. 

8. The expense account of an agent who was on the road 
for five days was $6.95 the first day, $7.50 the second day, 
$5.00 the third day, $8.75 the fourth day, and $10.00 the 
fifth day. What were his average daily expenses ? 

9. The quotations on oats in the daily paper for six suc- 
cessive days were as follows: 38¢ per bushel, 35¢, 33¢, 31¢, 
34%, 35¢. ‘Find the average price per bushel for the week. 

10. If a man buys 5 horses, paying for them respectively 
$ 350, $275, $150, $260.50, and $375.50, what is the average 
price he pays per horse ? 


SIGNS OF AGGREGATION. 


188. When we wish to indicate that several quantities are 
to be subjected to the same operation, we inclose them in one 
of the signs of aggregation: in parentheses (), in braces { }, in 
brackets [ ], or under a vinculum Such quantities are 
said to be in parenthesis (§ 32, note). 

A quantity in parenthesis must be changed to a single quantity by 
performing the operations indicated. When there is one parenthesis 
within another, the inside one should be first removed, and then the next, 
until none remains. When a number is placed before a parenthesis, 
brace, or bracket without any sign, the sign x is understood. ‘Thus, 
5(3 +2) means 5 x (3 + 2). 

Precedence is given to the signs x and + over the signs + and —; 
hence the operations of multiplication and division should always be per- 
formed before addition and subtraction. 


Examples. 

189. 1. Find the value of: 

15[3+5{8+ +6) +5+ (2 x 3) + 15 — 3} + 10 — 8] 
OPERATION. 

I. 15[8+5{8+ (946) +5+4 (2 x 8) +15 — 3} 

+10—8]= 

I. 15[3 + 5{$ + 3+ 36 +12}+ 10 —8]= 

Ill. 15[8 + 295 + 10 —8]= 

TY. 15 x 300 = 4500 Ans. 


Soturion. — Removing the inner parentheses ( ) and vinculum by per- 
forming the indicated operations, we have II. Removing the braces { }, 
we haye III. Removing the brackets [ ], we have IV., and multiplying 
800 by 15 as indicated, we have the answer, 4500. 
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2. Divide 648 x (8? x 2) +9 — (2910 +15) by 2863 + 
§(4375 +175) x 424 3%. 
OPERATION, 
648 x (3? x 2%) +9 — (2910 + 15)= 
648 x (9 x 8) + 9-194 = 
648 x 8 — 194 = 4990. 


2863 + { (4375 +175) x 4?4+3%= 
2863 + {25 x1649}= 
2863 + 409 =7. 


4990 +7 = 7128 Ans. 


Rute. — Remove all the expressions in parenthesis by per- 
forming the operations indicated, beginning with the tmner 
parenthesis. The answer to the last operation indicated will 
be the value of the expression. 

Find the value of: 

3. 5x [18+4+2(8+4 x 6) +5). 

4. 25x (6x 3) x4—(9 x 84 90). 

5. {200-8 x8+3x9—8} +5. 

6. 8 x (96 — 26) x (5 x 6) —13 x 38066 x 4). 

7 9X[3+1645+3+4 534 40x54 18-6} +22 
— 15] x 8. 

8. 10x §16-443(248—2)4+3 x 64+ 2) +83+10. 

9. §x[84+18+2+3+4§25+5+418 x 6}+44 28 =7). 

10. Multiply 675 — (77 + 56) by (8 x 156) — (214 — 28). 

11. Multiply 98 + 6 x (87 + 50) by (64 —50) x 5—10. 

12. What is the product of : 

{14x 25) —(9 x 36) +4324} by {(280—112) + (876442) x4}? 

13. Divide 450+ (24—12) x5 by (90+6)+(8 x11)—18. 

14. Divide 25 x (8° + 12) +5 by (225 +15) + 2 + 30) +7 

+ (12 + 4) + 4. 


PROBLEMS IN SIMPLE INTEGRAL NUMBERS. 


—+o+-— 


190. The four operations that have now been considered, 
viz. Addition, Subtraction, Multiplieation, and Division, are 
all the operations that can be performed upon numbers, hence 
they are called the Fundamental Rules. 


In all cases, the numbers operated upon and the results 
obtained, sustain to each other the relation of a whole to 
its parts. 

I. In Addition, the numbers added are the parts, and the sum or 
amount is the whole. 

IJ. In Subtraction, the subtrahend and remainder are the parts, and 
the minuend is the whole. 

Ill. In Multiplication, the multiplicand denotes the value of one part, 
the multiplier the number of parts, and the product the total value of the 
whole number of parts. 

IV. In Division, the dividend denotes the total value of the whole 
number of parts, the divisor the value of one part, and the quotient the 
number of parts; or the divisor the number of parts, and the quotient 
the yalue of one part. 


Eyery example that can possibly occur in Arithmetic, and 
every business computation requiring an arithmetical opera- 
tion, can be classed under one or more of the four Fundamental 
Rules, as follows: 


I. Cases requiring addition. 
There may be given To find 
1. The parts, the whole, or the sum total. 
2. The less of two numbers and their 
difference, or the subtrahend } the greater number or the minuend. 
and remainder, 
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1. Cases requiring subtraction. 
There may be given To find 


of them, \ the other. 


. The greater and the less of two 


numbers, or the minuend and difference or remainder. 
subtrahend, 


IlI. Cases requiring multiplication. 


There may be given To find 
1. Two numbers, their product. 
2. Any number of factors, their continued product. 
8. The divisor and quotient, the dividend. 
IV. Cases requiring division. 
There may be given To sind 
1. The dividend and divisor, the quotient. 
2. ‘The dividend and quotient, the divisor. 
8. The product and one of two fac- 


\ the other factor. 
tors, 


The continued product of several 
factors, and the product of a one factor. 
but one factor, 


191. Illustrate the following problems by original examples . 
1. Given, several numbers, to find their sum. 
2. Given, the sum of several numbers and all of them but 


one, to find that one. 


8. Given, the parts, to find the whole. 


. 4. Given, the whole and all the parts but one, to find that 
one. 


5. Given, two numbers, to find their difference. 
6. Given, the greater of two numbers and their difference, 


to find the less number. — 


7. Given, the less of two numbers and their difference, to 


find the greater number. 


8. Given, the minuend and the subtzahend, to find the 


remainder. 
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9. Given, the minuend and the remainder, to find the sub- 
trahend. 

10. Given, the subtrahend and the remainder, to find the 
minuend. 

11. Given, two or more numbers, to find their product. 

12. Given, the product and one of two factors, to find the 
other factor. 

13. Given, the continued product of several factors and all 
the factors but one, to find that factor. 

14. Given, the factors, to find their product. 

15. Given, the multiplicand and the multiplier, to find the 
product. 

16. Given, the product and the multiplicand, to find the 
multiplier. 

17. Given, the product and the multiplier to find the mul- 
tiplicand. 

18. Given, two numbers, to find their quotients. 

19. Given, the divisor and the dividend, to find the 
quotient. 

20. Given, the divisor and the quotient, to find the 
dividend. 

21. Given, the dividend and the quotient, to find the divisor. 

22. Given, the divisor, the quotient, and the remainder, tc 
find the dividend. 

23. Given, the dividend, the quotient, and the remainder, 
to find the divisor. 

24. Given, the final quotient of a continued division and the 
several divisors, to find the dividend. 

25. Given, the final quotient of a continued division, the 
first dividend, and all the divisors but one, to find that 
divisor. 

26. Given, the dividend and several divisors of a continued 
division, to find the quotient. 

27. Given, two or more sets of numbers, to find the differ- 
ence of their sums. 


PROBLEMS. 99 


28. Given, two or more sets of factors, to find the sum of 
their products. 


29. Given, one or more sets of factors and one or more 
numbers, to find the sum of the products and the given num- 
bers. 


30. Given, two or more sets of factors, to find the difference 
of their products. 


31. Given, one or more sets of factors and one or more 
munbers, to find the difference between the sum of the prod- 
ucts and the sum of the given number or numbers. 


32. Given, two or more sets of factors and two or more 
other sets of factors, to find the difference of the sums of the 
products of the former and latter. 


38. Given, the sum and the difference of two numbers, to 
find the numbers. 


So.urion. —If the difference of two unequal numbers is added to the 
less number, the sum will be equal to the greater; and if this sum is 
added to the greater number, the result will be twice the greater number. 
But this result is obtained by adding the greater number to the less plus 
the difference, or by adding the sum of the two numbers to their differ- 
ence. Ifence the sum of two numbers plus their difference equals twice 
the greater number. Thus the sum of 175 and 125 is 300, and their differ- 
ence is 50. ‘The less number 125 + the difference 50 = 175, the greater 
number. Adding the greater number, the result is 175 + 125 + 50 = 175 
+ 175, or twice the greater number. But since 175 + 125 = the sum 300, 
hence 300 + 50 = 2 times the greater number. 

Again, if the difference of two numbers is subtracted from the greater 
number, the remainder will be equal to the less number; and if this 
remainder is added to the less number, the result will be twice the less 
number. But this result is obtained by subtracting the difference from 
the greater number plus the less, or from the sum. Hence the sum of 
two numbers minus their difference equals twice the less number. ‘Thus, 
175 — 50 = 125, the less number. Adding 125, the result is 125 + 175 — 50 
= 125 + 125, or twice the less number. Hence 300 — 50 = twice the less 
aumber, 


Princiries.—I. The sum of two numbers virus their differ- 
ence is equal to twice the greater number. 


Ii. The sum of two numbers minus their difference is equal 
lo twice the less number. 


teva, 
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PROBLEMS INVOLVING PRICE, QUANTITY, AND COST. 


192. In transactions involving money the three elements of 
price, quantity, and cost must be considered. 


193. The Price is the value of a unit of any article; the 
Quantity is the number of units taken, and the Cost is the value 
of the whole quantity. 

Hence the cost is a product whose factors are the price and quantity. 
The cost may also be considered as a dividend, with the quantity as a 


divisor and the price as a quotient, or with the price as a divisor and the 
quantity as a quotient. 


Cost = price x quantity. 
Price = cost + quantity. 
Quantity = cost + price. 
194. Given, the price and the quantity, to find the cost. 


Sorutioy. —‘The cost of 3 units must be three times the price of 1 unit; 
of 8 units, eight times the price of 1 unit, etc. 


Ruxs. — Multiply the price of one by the quantity. 


195. Given, the cost and the quantity, to find the price. 


Sotution. — By § 194 the cost is the product of the price multiplied by 
the quantity. Having the cost, which is a product, and the quantity, 
which is one of two factors, we have the product and one of two factors 
given, to find the other factor. 


Rute. — Divide the cost by the quantity. 


196. Given, the price and the cost, to find the quantity. 


Soturion. — Reasoning as in § 195, we find that the cost is the product 
of two factors, and the price is one of the factors. 


Rute. — Divide the cost by the price. 


_ 197. Given, the quantity, and the price of 100 or 1000, to 
find the cost. 


Soxution. —If the price of 100 units is multiplied by the number of 
Units in a given quantity, the product will be 100 times the required 
result, because the multiplier used is 100 times the true multiplier. For 
a similar reason, if the price of 1000 units is multiplied by the number of 
units in a given quantity, the product will be 1000 times the required 
Tesult. These errors can be corrected in two ways : 
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1. By dividing the product by 100 or 1000, as the case may be. 

2. By reducing the given quantity to hundreds and decimals of a 
hundred, or to thousands and decimals of a thousand. 

Rue. — Multiply the price by the quantity reduced to hundreds 
aad decimals of a hundred, or to thousands and decimals of a 
thousand. 


Nore. —In business transactions the Roman numerals 0 and M are commonly used to 
indicate hundreds and thousands, where the price is by the 100 or 1000, 


198. To find the cost of articles sold by the ton of 2000 pounds. 

So.ution. —If the price of 1 ton or 2000 pounds is divided by 2, the 
quotient will be the price of } ton or 1000 pounds. We then have the 
quantity and the price of 1000 to find the cost. 

Rui. — Divide the price of 1 ton by 2, and multiply the quo- 
tient by the number of pounds expressed as thousandths. 


Examples. 

199. 1. What will be the cost of 187 barrels of salt, at 
$1.32 a barrel ? 

2. How much will 5 firkins of butter cost, each containing 
70 pounds, at $.20 a pound ? 

3. If the board of a family is $ 547.50 for 1 year, how much 
is it per day ? 

4. What is the value of 140 sacks of guano, each sack con- 
taining 162.5 pounds, at $17 a ton? 

5. What will be the cost of 3240 peach trees, at $16 per 
hundred ? 

6. At $66.44 a ton, what will be the cost of 842 tons of 
railroad iron ? 

7. Aman purchased a farm of 325 acres for 10660. How 
much did it cost per acre ? 

8. What will be the cost of 840 feet of plank, at $2 per C; 
and 1262 pickets, at $12 per M? 

9. If I pay $6.00 for silk costing $.75 a yard, how many 
yards do I buy ? 

10. What is the price of wheat per bushel, when 24 bushels 

cost $20.88 ? 


DIVISORS, FACTORS, AND MULTIPLES. 


EXACT DIVISORS. 


200. An Exact Divisor of a number is one that will divide it 
without a remainder. Since division is the reverse of multipli- 
cation, it follows that all the exact divisors of a number are 
factors of that number, and that all its factors are exact 
divisors. , 


Nores.—1, Eyery number $s divisible by itself and unity; but the number itself and 
unity are not generally considered as factors, or exact divisors of the number. 

2. An exact divisor of a number is sometimes called a measure or a submultiple of 
the number. 


201. An Even Number is a number of which 2 is an exact 
divisor; as 2, 4, 6, or 8. 

202. An Odd Number is a number of which 2 is not an exact 
divisor; as 1, 3, 5, 7, or 9. 

203. A Perfect Number is one that is equal to the sum of 
all its factors plus 1; as 6=3+2+1, or 28=14+4+7+4+4 
2+1. 

Nore. —The only perfect numbers known are: 

6, 28, 496, 8123, 33550836, 8599869056, 137498691323, 2305843003139952128, 
2417851639225159537784576, 990352031425297 1830448916128. 

204. An Imperfect Number is one that is not equal to the 

sum of all its factors plus 1; as 12, which is not equal to 6 +4 


+342441. 

205. An Abundant Number is one which is less than the 
sum of all its factors plus 1; as 18, which is less than 9+6 
+384241. 
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206. A Defective Number is one which is greater than the 
sum of all its factors plus 1; as 27, which is greater than 
9+3+1. 


207. To show the nature of exact division, and furnish tests 
of divisibility, observe that if we begin with any number, as 4, 
and take once 4, two times 4, three times 4, four times 4, and 
so on indefinitely, forming the series 4, 8, 12, 16, etc., we shall 
have all the numbers that are divisible by 4; and from the 
manner of forming this series, it is evident that: 

1. The product of any one number of the series by any integral num- 
ber whatever, will contain 4 an exact number of times. 

2. The sum of any two numbers of the series will contain 4 an exact 
number of times. 

3. The difference of any two will contain 4 an exact number of times. 

Princiries.—I. Any number which will exactly divide one 
of two numbers will divide their product. 

Il. Any number which will exactly divide each of two numbers 
will divide their sum. 

TIL. Any number which will exactly divide each of two num- 
bers will divide their difference. 


208. Irom these principles we derive the following facts or 
properties of numbers : 


I. Any number terminating with 0, 00, 000, etc., is divisible 
by 10, 100, 1000, ete., or by any factor of 10, 100, or 1000. 

For, by cutting off the cipher or ciphers, the number will be divided 
by 10, 100, or 1000, etc., without a remainder (§ 176), and a number of 
which 10, 100, or 1000, etc., is a factor, will contain any factor of 10, 100, 
or 1000, ete. (§ 207, 1). 


II. A number is divisible by 2 if the number expressed by its 
right-hand figure is even or divisible by 2. 


For, the part at the left of the units’ place, taken alone, with its loca} 
value, is a number which terminates with a cipher, and is divisible by 2, 
because 2 is a factor of 10; and if both parts, taken separately, with 
their local values, are divisible by 2, their sum, which is the entire 
number, is divisible by 2 (§ 207, II). 


Norr. — Hence, all numbers terminating with 0, 2, 4, 6, or 8, are even, and all numbers 
terminating with 1, 8, 5, 7, or 9, are odd. 
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Ill. A number is divisible by 4 if the number expressed by its 
two right-hand figures is divisible by 4. 

For, the part at the left of the tens’ place, taken alone, with its local 
yalue, is a number which terminates with two ciphers, and is divisible by 
4, because 4 is a factor of 100; and if both parts, taken separately, with 
their local values, are divisible by 4, their sum, which is the entire num- 
ber, is divisible by 4 (§ 207, II). 


IV. A number is divisible by 8 if the number expressed by its 
three right-hand figures ts divisible by 8. 

For, the part at the left of the hundreds’ place, taken alone, with its 
local yalue, is a number which terminates with three ciphers, and is divis- 
ible by 8, because 8 is a factor of 1000, and if both parts, taken separately, 
with their local yalues, are divisible by 8, their sum, or the entire number, 
is divisible by 8 (§ 207, II). 


Y. A number is divisible by 16 if the nwmber expressed by its 
Sour right-hand figures is divisible by 16. 

For, the part at the left of the thousands’ place, taken alone, with its 
local value, is a number which terminates with four ciphers and is 
divisible by 16, because 16 is a factor of 10000, and if both parts taken 
separately with their local value are divisible by 16, their sum or the 
entire number is divisible by 16 (§ 207, 11). 


VL A number is divisible by any power of 2, if as many of the 
righthand terms of the number as are equal to the index of the 
given power are divisible by the given power. 

For, as 2 is a factor of 10, any power of 2 is a factor of the correspond- 
ing power of 10, or of a unit of an order one higher than is indicated by 
the index of the given power of 2; and if both parts of a number, taken 
separately, with their local values, are divisible by a power of 2, their sum, 
or the entire number, is divisible by the same power of 2 (§ 207, II). 


VIL A number is divisible by 5 if its right-hand jfigure is 0 
or 5. 

For, if a number terminates with a cipher, it is divisible by 5, because 
6 is a factor of 10, and if it terminates with 5, both parts, the units and 
the figures at the left of units, taken s-parately, with their local values, 
are divisible by 5, and consequently their sum, or the entire number, is 
divisible by 5 (§ 207, II). 

VIL. A number is divisible by 25 if the number expressed by 
us two right-hand figures is divisible by 25. 
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For, the part at the left of the tens’ place, taken with its local value, 
is a number terminating with two ciphers, and is divisible by 25, because 
25 is a factor of 100, and if both parts, taken separately, with their local 
values, are divisible by 25, their sum, or the entire number, is divisible 
by 25 (§ 207, IL). 

IX. A number is divisible by any power of 5, if as many of the 
right-hand terms of the number as are equal to the index of the 
given power are divisible by the given power. 

For, as 5 is a factor of 10, any power of 6 is a factor of the vorrespond- 
ing power of 10, or of a unit of an order one higher than is indicated by 
the index of the given power of 5; and if both parts of a number, taken 


separately, with their local values, are divisible by a power of 5, their 
sum, or the entire number, is divisible by the same power of 5 (§ 207, IL). 


X. A number is divisible by 9 tf the sum of its digits is divis- 
ible by 9. 


For, if any number, as 7245, is separated into its parts, 7000 + 200 
+ 40-+ 5, and each part is divided by 9, the several remainders will be 
the digits 7, 2, 4, and 56, respectively (§ 77); hence, if the sum of these 
digits, or remainders, is 9, or an exact number of 9’s, the entire number 
must contain an exact number of 9’s, and will therefore be divisible by 9. 
From this it follows also that every number is an exact number of 9’s 
plus the sum of its digits (§ 77). 


XI. A number is divisible by 3 if the sum of tts digits is 
divisible by 3. 

For every number is an exact number of 9’s plus the sum of its digits 
(X and § 77). The part which is an exact number of 9’s is divisible by 
8; hence if the remainder, which is the sum of its digits, is divisible by 3 
the whole number is divisible by 3. Thus 357=(88x 9)+3+4+5+7. 38 
x9 or 38 x 3 x3 is divisible by 3, and 165 is divisible by 3, hence 357 is 
divisible by 3. 

XII. An even number is divisible by 6 if the sum of its digits 
ws divisible by 3. 

For, the number is divisible by 3 because the sum of its digits is 
divisible by 3, and it is divisible by 2 because it is even; hence, it is 
divisible by 3 x 2, or 6 (§ 172, D. 

XIII. A number is divisible by 11 when the sum of the digits 
in the odd place, minus the sum of the digits in the even place, ts 
divisible by 11, or is 0. 

For, even powers of 10 are multiples of 11 plus 1 (100, the square of 
10=9x11+1; 1000, the fourth power = 909 x 11 +1, etc.); odd 
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powers of 10 are multiples of 11 — 1 (10, the first power = 11 — 1; 1000, 
the third power = 91 x 11—1, etc.). ‘Therefore, if a number expressed 
by a aigit in an odd place is divided by 11, the remainder will be equal to 
that digit; and a number expressed by a digit in an even place will lack 
that digit of being a multiple of 11. 


Thus, in 3839 : 
8000 = 273 x 11 —3. 
800= 72x 11+8. 
30= 38xll—-3. 
9= Ox114+9. 
849-8— 3=17-6=11. 

Hence, if a number is divided by 11, the remainder will be the same as 
if the sum of the digits in the odd places (increased by a multiple of 11 if 
necessary), minus the sum of the digits in the even place, were divided 
by 11. (See § 78.) 

XIV. A number is divisible by a composite number, when it ts 
divisible, successively, by all the component factors of the com- 
posite number. 

For, dividing any number successively by several factors, is the same 
as dividing by the product of these factors (§ 172, I). 

XY. An odd number is not divisible by an even number. 

For, the product of any number (odd or even) by an even number is 
even ; and, consequently, any composite odd number can contain only odd 
factors, . 

XVI. An even number that is divisible by an odd number is 
also divisible by twice that odd number. 

For, if any even number is divided by an odd number, the quotient 
must be even, and divisible by 2; hence, the given even number, being 
divisible successively by the odd number and 2, will be divisible by their 
product, or twice the odd number (§ 172, I). 

XVII. An even number is divisible by 18 if the sum of its 
digits is divisible by 9. 

For, the number is divisible by 9 because the sum of its digits is divisi- 
ble by 9 (X), and since it is even it is divisible by 2 x 9 or 18 (XVI). 

XVII. An even number rs divisible by 22 if the sum of the 
digits in the odd place, minus the sum of the digits in the even 
place, is divisible by 11 or is 0. 


For the number is divisible by 11 (XIII) ; and since it is even it is 
divisible by 2; hence it is divisible by 2 x 11 or 22 (XVI). 


Wwe. 
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209. From these principles we summarize the following 
tests of divisibility : 

2 is an exact divisor of every even number. 

3 is an exact divisor of a number if the sum of its digits is divisible by 3. 

4 is an exact divisor of a number if the number expressed by its two 
right-hand figures is divisible by 4, or if its two right-hand figures 
are ciphers. 

5 is an exact divisor of a number if its right-hand figure is 5 or 0. 

6 is an exact divisor of an even number if the sum of its digits is divisible 
by 3. 

8 is an exact divisor of a number if the number expressed by its three 
right-hand figures is divisible by 8, or if its three right-hand figures 
are ciphers 

9 is an exact d 


visor of a number if the sum of its digits is divisible by 9. 

10 is an exact divisor of every number whose units’ term is 0. 

11 is an exact divisor of a number if the sum of its digits in the odd places 

- minus the sum of its digits in the even places is divisible by 11 or 
is 0. 

12 is an exact divisor of a number divisible by both 3 and 4. 

16 is an exact divisor of a number divisible by both 3 and 5. 

16 is an exact divisor of a number if the number expressed by its four 
right-hand figures is divisible by 16, or if the four right-hand figures 
are ciphers. 

18 is an exact divisor of an even number if the sum of its digits is divisi- 
ble by 9. 

20 is an exact divisor of a number divisible by 5 and 4. 

22 is an exact divisor of an even number divisible by 11. 

26 is an exact divisor of a number.if the number expressed by its two 
right-hand figures is divisible by 26, or if its two right-hand figures 
are ciphers. 


210. A. Prime Number is one that cannot be resolved or 
separated into two or more integral factors. 

Nore, — Every number must be either prime or composite. 

‘Lo find all the prime numbers within any given limit, we observe that 


all even numbers except 2 are composite ; hence, the prime numbers must 
be sought among the odd numbers. 


Nore. — Every prime number except 2 and 5 ends with 1, 3, 7, or 9. 

211. If the odd numbers are written in their order, thus, 
1, 3, 5, 7, 9, 11, 13, 15, 17, ete., we observe that: 

1. Taking every third number after 3, we have 3 times 3, 5 times 3, 


7 times 3, and so on; which are the only odd numbers divisible by 3. 
2. Taking every fifth number after 5, we have 3 times 5, 5 times & 
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7 times 5, and so on; which are the only odd numbers divisible by 5. 
And the same will be true of every other number in the series. Hence, 

8. If we cancel every third number, counting from 8, no number 
divisible by 3 will be left; and since 3 times 6 will be canceled, 5 times 5, 
or 26, will be the least composite number left in the series, Hence, 

4, If we cancel every fifth number, counting from 25, no number 
divisible by 5 will be left; and since 3 times 7, and 5 times 7, will be 
canceled, 7 times 7, or 49, will be the least composite number left in the 
series, And thus with all the prime numbers. 


Rure.—I. Write all the odd numbers in their natural order. 
Il. Cancel, or cross out, 3 times 3, or 9, and every third num- 
2 > ? , 
ber after it; 5 times 5, or 25, and every fifth number after it; T 
times 7, or 49, and every seventh number after it; and so on, 
beginning with the second power of each prime number in succes- 
sion, till the given limit is reached. The numbers remaining, 
together with the number 2, will be the prime numbers required. 


Nores.—1. It is unnecessary to count for evory ninth number after 9 times 9, for 
being divisible by 8, they will be found already canceled ; the same may bo said of any other 
canceled, or composite number. 

2. This method of obtaining a list of the prime numbers was employed by Eratosthenes 
(born B.0, 275), and is called Zratosthenes’ Sieve. 


TABLE OF PRIME NUMBERS LESS THAN 1900. 


1 69 | 189 | 283 | 337 | 489 | 657 653 769 883 
2 61 | 149 | 239 | 347 |- 443 | 563 | 659 773 887 
3 67 | 151 | 241 | 349 | 449 | 569 | 661 787 907 
5 71 | 167 | 251 | 353 | 457 | 571 673 797 911 
7 73 | 163 | 267 | 359 | 461 577 677 809 919 


bt 79 | 167 | 263 | 367 | 463 | 687 683 811 929 
13 83 | 173 | 269 | 373 | 467 | 593 | 691 821 937 
Vi 89 | 179 | 271 | 879 | 479 | 599 701 823 941 
19 97 | 181 | 277 | 883 | 487 | 601 709 827 947 
23 | 101 | 191 | 281 | 389 | 491 607 719 829 953 
29 | 103 | 193 | 283 | 307 | 499 | 613 727 839 967 
81 | 107 | 197 | 293 | 401 | 503 | 617 733 853 971 
87 | 109 | 199 | 307 | 409 | 509 | 619 739 857 977 
41 | 113} 211 | 811 | 419 | 521 | 631 743, 859 983 
43 | 127 | 223 | 318 | 421 | 523 | 641 751 863 991 
47 | 131 | 227 | 317 | 431 | 541 | 643 | 757 877 997 
63 | 187 | 229 | 381 | 483 | 547 | 647 761 881 
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FACTORING. 


212. The Prime Factors of a number are those numbers 
whose product is the given number. 


213. TFactoring is based on the following principles: 
Princietes.—I. Every prime factor of a number is an exact 
divisor of that number. 

Il. The only exact divisors of a number are its prime factors, 
or some combination of its prime factors. : 
Examples. 

214. To resolve any composite number into its prime factors. 

1. What are the prime factors of 114? 


OPERATION. 


2) 41414 So.ution. —Since the given number is even, we divide 

sl by 2, and obtain an odd number, 57, for a quotient. We 
5 then divide 1e prime numbers 3 an successive 
57 tl livide by tl mn bers 3 and 19, ly, 


and the last quotient is 1. The divisors, 2, 3, and 19, are 
the prime factors required (§ 213, IL). 


19) 19 


2x3x19 Ans. 


Rute. — Divide the given number by any prime factor ; divide 
the quotient by another prime factor, and so continue the division 
until the quotient is a prime number. The several divisors and 
the last quotient will be the prime factors required. 


What are the prime factors of: 


2. 2150? 4. 6300? 6. 2366? 8. 390625? 
3. 2445? 5. 21504? 7. 1000? 9. 999999 ? 


215. Small prime factors can be found by the tests (§ 209) 
or by trial. Others may be found by the table, on pp. 110,111. 


By prefixing each number in bold-face type in the column of ‘* Num- 
bers,’’ to the several numbers following it in the same division of the 
column, we shall form all the composite numbers less than 10000, and not 
divisible by 2,3, 5, 7, or 11; the numbers in the columns of ‘* Factors” 
are the least prime factors of the numbers thus formed respectively. 
Thus, in one of the columns of ‘‘ Numbers”? we find 39, in bold-face type, 
and below 39, in the same column, is 77, which, annexed to 39, forms 
3977, a composite number. The least prime factor of this number is 41, 
which we find at the right of 77, in the column of ‘‘ Factors.” 
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FACTOR TABLE. 


pel Pht SeRermeineaais |e | £ | f .| 8 | 8, 
353 SEIS EI 26/2 6/3 €)3 §)3 5)8 €| 35 
% bel % Rela me| ame ae) A el eR BLA IA | Be 
1 99 I1 17 | 43 29 | 79 37] 41 17] 83 17 | 41 23 | 09 31! 17 53] 77 31 
69 13/9 17 13} 57 19 | 83 13} 51 13 | 97 43 | 59 17 | 13 19 | 27 29 | $3 71 
2 


6 07 17 | 89 37| 27 17 | 43 13) 61 29| 49 4x | 97 17| 41 19 | 79 13] 71 41 
Il 13 | 19 23} 51 17| 31 23 | 47 41 | 73 19 | 53 13 | 41 53 29 | 81 17] 77 19 
29 17 | 41 17} 63 41} 49 13 | 59 31 | 93 31 | 67 19 | 17 23] 59 4 T 
67 23 | 47 29} 69 29} 57 37| 71 17 | 97 23] 79 13) 21 13] 75 
89 13 | 61 13} 81 13 
97 17} 71 31/18 79 43 {28 11 13/37 63 23 | 79 
1 73 19 | 07 13| 91 29| 09 53| 33 53] 13 47 | 71 43] 89 
0319]138 | 17 23/28 | 13 29| 39 41 | 21 6r| 81 37 |46 53 31 | 61 43 
18 23 | 13 13} 19 17 | 23 23] 31 19 | 47 17 | 37 37] 83 47 | 01 43 | 57 13] 73 13 
31 17 | 33 31 | 29 31} 27 13) 39 17| 63 13 | 43 19 | 87 53] 07 17 | 63 61} 91 17 
G7 13 | 39 13 | 43 19} 29 17 | 67 47 | T7 29 | 49 23 | 89 59 | 19 31 | 69 37 | 97 23 
7) 19 | 43 17 | 49 43| 53 13 | 69 19 | 81 17} 57 13 | 99 13 | 33 41 | 83 13 |55 

93 13 | 49 19 | 53 17) 63 17| 73 13 | 87 19| 63 53 |42 61 59 |51 13 37 
99 17 | 57 23} 91 31! 69 23 | 81 43) 93 37} $1 19 | 23 41 | 67 13 | 11 19 | 39 29 
8 63 29 |19 24 99 13/33 91 317 | 87 19] 81 31 | 23 47 | 43 23 
17 19} 69 37} 09 23] 07 29 }29 17 31 | 99 29 | 47 31 | 87 43 | 29 23] 49 31 
41 29 | 87 19; 19 19} 13 19) 11 41: 37 47/88 67 17 | 93 13 | 41 53 | 61 67 
51 23 | 91 13} 21 17} 19 41] 21 23 41 13 | 09 13 | 48 99 37 | 43 37 | 67 19 
71 13/14 27 41} 49 31] 23 37 49 17 | 11 37 | 03 13 |47 49 19 | 87 37 
93 19 | 03 23 | 37 13 61 23 | 29 29 79 31 | 27 43 | 07 59 | 09 17 | G1 13 | 97 29 
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FACTOR TABLE. — Continued. 
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216. To find the prime factors of a number by the table 


1. Resolve 1849 into its prime factors. 
OPERATION. So.urion. — Cutting off the two right-hand 
ive er, we find the other 
==} figures of the given number, we fin¢ , 
eas 43 Ans. part, 18, in the table, in bold-face type in the 
1849 = x * third column, and under it, in the same divi- 
sion of the column, we find 49, the figures which were cut off ; at the right 
of 49, in the factor column, we find 43, the least prime factor of the 
3 .. 
given number. Dividing by 43, we obtain 43, the other factor. 


2. Resolve 26877 into its prime factors. 


OPERATION. Sotution. — We find by trial that the 
3) 26877 given number is divisible by 3 and the quo- 
tient is 8959. By the factor table, we find 
the least prime factor of this number to be 
17; dividing by 17, we have 527 for a quo- 
tient. Referring again to the table, we find 
17 to be the least factor of 527, and the 


8x17x17 x 31 Ans other factor, 31, is prime. 


Rure—I. Cancel from the given number all factors less than 
13, and then find the remaining factors by the table. 

Il. If any number less than 10000 is not found in the table, 
and is not divisible by 2, 3, 5, 7, or 11, it ts prime. 

Resolve into their prime factors : 

8. 18902. 5. 203566. 7. 8938235. 9. 6409. 

4. 352002. 6. 59843. 8. 390976. 10. 178296. 

217. To find all the exact divisors of a number. 

All the prime factors of a number, with all their combinations, will 


constitute all the exact divisors of that number (§ 213, II). 


1. What are all the exact divisors of 360? 
OPERATION. 


360=1x2x2x2x3x3x5d. 
1, 2, 4, 8 Combinations of 1 and 2. 


She wi2,, 24 
sas 9,18, 36, a} w ** 1 and 2 and 3. 
4 i 5,10, 20, 40 CS % 1 and 2 and 5. 
Pepe 120. es *¢ 1 and 2 and 8 and 6, 


45 , 90 , 180 , 360 
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Sorurion. — By § 214, we find the prime factors of 360 to be 1, 2, 2, 
2, 3, 8, and 5. As 2 occurs three times as a factor, the different com- 
binations of 1 and 2 by which 360 is divisible will be 1, 1x 2=2, 
1x2x2=4, and 1x2x2x2=8; these we write in the first line. 
Multiplying the first line by 3 and writing the products in the second 
line, and the second line by 3, writing the products in the third line, 
we have in the first, second, and third lines all the different combinations 
of 1, 2, and 3, by which 360 is divisible. Multiplying the first, second, 
and third lines by 5, and writing the products of the fourth, fifth, and 
sixth lines, respectively, we have in the six lines together, every combi- 
nation of the prime factors by which the given number, 360, is divisible. 


2. What are all the exact divisors of 960? 


OPERATION. 
90=1x2x2x2x2xK2x2x38x 5b. 


[ 1, 2, 4, 8, 16, 32, 64 Combinations of 1 and 2. 


8, 6,12, 24, 48, 06,102 ae * 1 and 2and38 
Ans 5,10,20, 40, 80, 160, 320 se “© 1 and 2 and 5. 
[s , 30, 60, 120, 240 , 480 , 960 “ “ 1 and 2 and 3 
and 5. 
Rure.—I. Resolve the given number into its prime factors. 


Il. Form a series having 1 for the first term, that prime factor 
which occurs the greatest number of times in the given number for 
the second term, the square of this factor for the third term, and 
so on, till a term is reached containing this factor as many times 
as it occurs in the given number. 

Il. Multiply the numbers in this line by another factor, and 
these results by the same factor, and so on, as many times as this 
factor occurs in the given number. 

IV. Multiply all the combinations now obtained by another 
Jfuctor in continued multiplication, and thus proceed till all the 
iifferent factors have been used. Att the combinations obtained 
will be the exact divisors sought. 


Find all the exact divisors of: 


3. 36. 6. S84. 9. 100. 12. 420. 
4. 60.° 71090: 10. 125: 13. 365. 
§. 120. 8. 45. 11. 150. 14. 1050. 


ROB. NEW HIGHER AR.—8 


114 DIVISORS, FACTORS, AND MULTIPLES. 


GREATEST COMMON DIVISOR. 


218. A Common Divisor of two or more numbers is a number 
that will exactly divide each of them. 


219. The Greatest Common Divisor of two or more numbers 
is the greatest number that will exactly divide each of them. 


220. Numbers Prime to each other are such as have no com- 
mon divisor. 


Nore.— A common divisor Is sometimes called a common measure; and the greatest 
common divisor, the greatest common measure. 


Examples. 


221. To find the greatest common divisor when the numbers 
can be readily factored. 


It is evident that if several numbers have a common divisor, they may 
all be divided by any component factor of this divisor, and the resulting 
quotients by another component factor, and so on, till all the component 
factors haye been used. 


1. What is the greatest common divisor of 28, 140, and 420 ? 


OPERATION. So.ution. — We readily see that 7 will exactly 
7128 140 420 divide each of the given numbers; and then, 4 will 
in ean exactly divide each of the resulting quotients. 
44 20 60 Hence, each of the given numbers can be exactly 
divided by 7 times 4; and these numbers must be 
_ component factors of the greatest common divisor, 
4x 7=28 Ans. Now, if there were any other component factor of 
the greatest common divisor, the quotients, 1, 5, 
and 15, would be divisible by it. But these quotients are prime to each 
other; therefore, 7 and 4 are all the component factors of the greatest 
common divisor sought. 


Rure.—I. Write the numbers in a line, and divide by any 
factor common to all the numbers. 


Il. Divide the quotients in like manner, and continue the divi- 
sion till a set of quotients is oblained that are prime to each other. 


UL Multiply all the divisors together, and the product will be 
the greatest common divisor sought. 
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What is the greatest common divisor of: 


2. 40, 75, and 100? 7. 42, 63, 126, and 189 ? 
3. 18, 30, 36, and 42? 8. 135, 225, 270, and 315? 
4. 102 153, and 255 ? 9. 2520 and 3240? 

5. 756 and 1575? 10. 1428 and 1092? 

6. 182, 864, and 455? 11. 1008 and 1036? 


12. 84, 126, 210, 252, 294, and 462 ? 
13. 216, 360, 432, 648, and 936 ? 


222. To find the greatest common divisor when the numbers 
cannot be readily factored. 


Princivies.—I. An exact divisor divides any number of 
times its dividend (§ 207, I). 


“IL. A common divisor of two numbers is an exact divisor of 
their sum (§ 207, II). 


IIt. A common divisor of two numbers is an exact divisor of 
their difference (§ 207, II). 


1. What is the greatest common divisor of 527 and 1207 ? 


OPERATION. So.utrion. —We shall first describe the proc- 
' | 1207 ess, and then examine the reasons for the 
92 LOD4. several steps in the operation. Drawing two 

- =n vertical lines, we place the greater number on 

| 163 the right, and the less number on the left, one 

2| 1386 line lower down. We then divide 1207, the 

4 17 Ans. greater number, by 527, the less, and write 


the quotient, 2, between the vertical lines, the 
product, 1054, opposite the less number and under the greater, and the 
remainder, 153, below. We next divide 527 by this remainder, writing 
the quotient, 3, between the verticals, the product, 459, on the left, and 
the remainder, 68, below. We again divide the last divisor, 153, by 68, 
and obtain 2 for a quotient, 136 for a product, and 17 for a remainder, 
all of which we write in the same order as in the former steps. Finally, 
dividing the last divisor, 68, by the last remainder, 17, we have no 
remainder, and 17, the last divisor, is the greatest common divisor of the 
given numbers. 
Now, observing that the dividend is always the swm of the product and 
remainder, and that the remainder is always the difference of the dividend 


and product, we first trace the work in the reverse order, as indicated by 
the arrow line in the diagram on p. 116, 
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OPERATION. 


17 divides 68, as provided by the last 
division ; it will also divide 2 times 68, or 
186 (1). Now, as 17 divides both itself 
and 136, it will divide 153, their sum 
(Ib. It will also divide 3 times 155, or 
459 (1) ; and since it is acommon divisor 
of 459 and 68, it must divide their sum, 
627, which is one of the given numbers, 
It will also divide 2 times 527, or 1054 
(1) ; and since it is a common divisor of 
1054 and 153, it must divide their sum, 
1207, the greater number (11). Hence, 17 
is a common divisor of the given numbers, 


Again, tracing the work in the direct order, as indicated in the follow- 


Y 1207 
527 
459 


68 


Thus, we have shown, first, 


lowing diagram, we know that the great- 
est common divisor, whatever it may be, 
must divide 2 times 527, or 1054 (1). 
And since it will divide both 1054 and 
1207, it must divide their difference, 158 
(IIL). It will also divide 3 times 153, or 
459 (I); and as it will divide both 469 
and 527, it must divide their difference, 
68 (IIT). It will also divide 2 times 68, 
or 136 (1) ; and as it will divide both 136 
and 153, it must divide their ditference, 
17 (IIL); hence, it cannot be greater 
than 17. 


that 17 is a common divisor of the given 


numbers, and second, that their greatest common divisor, whatever it 
may be, cannot be greater than 17. Hence it must be 17. 
‘This work may also be indicated by the ordinary form of division: 


OPERATION. 


527)1207(2 
1054 
153)527(3 


459 
68)153(2 
136 
17)68(4 
68 


Nore. — The method in this case is the same as in the other, only the form of Indicating 


{t Is modified. 
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Rure.—I. Divide the greater number by the less. 

Il. Jf there is a remainder divide the preceding divisor by it- 
and so continue until there is no remainder ; the last divisor will 
be the greatest common divisor sought. 

ILI. Jf more than two numbers are given, first find the greatest 
common divisor of two of them, and then of this divisor and one 
of the remaining numbers, and so on to the last; the last common 
divisor found will be the greatest common divisor required. 


Nores.—1. When more than two numbers are given, it Is better to begin with the 
least two. 

2. If at any point in the operation a prime number occurs as a remainder, it must be a 
common divisor, or the given numbers baye no common divisor, 


2. What is the greatest common divisor of 10661 and 12303 ? 
OPERATION, 

12303 

10661 


10661 | 1 


9852 | 6 
Prime 809 Ans. 1. 
What is the greatest common divisor of: 

3. 336 and 812? 9. 49373 and 147731? 
4. 407 and 1067 ? 10. 18607 and 417979 ? 
5. 825 and 1372? 11. 1005973 and 4616175 ? 
6. 2041 and 8476? 12. 292, 1022, and 1095 ? 
7. 3281 and 10778? 13. 4718, 6951, and 8876 ? 
8. 22579 and 116939 ? 14. 141, 799, and 940? 


15. A farmer wishes to put 364 bushels of corn and 455 
bushels of oats into the least number of bins possible, that 
shall contain the same number of bushels without mixing the 
two kinds of grain; what number of bushels must each bin 
hold ? 

16. A man having a triangular piece of land, the sides of 
which are 165 feet, 251 feet, and 385 feet, wishes to inclose it 
with a fence having panels of the greatest possible uniform 
length; what will be the length of each panel ? 
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17. Bhas $620, C $1116, and D $1488, with which they 
agree to purchase horses, at the highest price per head that 
will allow each man to invest all his money; how many horses 
can each man purchase ? 

18. How many rails will inclose a field 14599 feet long by 
10361 feet wide, if the fence is straight, and 7 rails high, and 
the rails of equal length, and the longest that can be used ? 

19. A has $120, B $ 240, and C $384. They agree to pur- 
chase cows at the highest price per head that will allow each 
man to invest all his money. What price must they pay and 
how many cows can each purchase ? 

20. A village streét is 332 rods long; A owns 124 rods front, 
B 116 rods, and C 92 rods; they agree to divide their land into 
equal lots of the largest size that will allow each one to form 
an exact number of lots. What will be the width of the lots ? 


21. A speculator has 3 fields, the first containing 18, the 
second 24, and the third 40 acres, which he wishes to divide 
into the largest possible lots having the same number of acres 
in each. How many acres will there be in each lot ? 

22. A farmer had 231 bushels of wheat and 273 bushels of 
oats, which he wished to put into the least number of bins 
containing the same number of bushels without mixing the 
two kinds. What number of bushels must each bin hold ? 

23. A street 399 ft. long and 35 ft. wide is to be paved with 
square flagstones of equal size, and as large as possible. How 
long and wide must each flagstone be ? 

24. A forwarding merchant has 2722 bushels of wheat, 
1822 bushels of corn, and 1226 bushels of oats, which he wishes 
to forward in the fewest bags of equal size that will exactly 
hold any of the-three kinds of grain. How many bags will it 
take? 

25. Aman having on deposit $182, $ 234, and $390 respec- 
tively in 3 different banks, wishes to draw out the whole in 
equal sums as large as possible. What is the greatest sum for 
which he must draw his checks ? 
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LEAST COMMON MULTIPLE. 
223. A Multiple is a number exactly divisible by a given 
number; thus, 20 is a multiple of 4. 


Nore. —A. multiple is necessarily composite; a divisor may be cither prime or com 
posite, A number is a divisor of all its multiples and a multiple of all its divisors. 


224. A Common Multiple is a number exactly divisible by 
two or more given numbers. 

Norr.,—A common multiple of numbers may bo found by finding their product, 

225. The Least Common Multiple of two or more numbers is 
the least number exactly divisible by those numbers; thus, 24 
is the least common multiple of 3, 4, 6, and 8. 


Examples. 

226. To find the least common multiple. — First method. 

I. A multiple of a number must contain all its prime factors. 

Il. A common multiple of teo or more numbers must contain 
all the prime factors of each of those numbers. 

Ill. The least common multiple of two or more numbers must 
contain all the prime factors of each of those numbers, and no 
other factors. 

1. Find the least common multiple of 63, 66, and 78. 


OPERATION. So.ution. — The num- 
78=2x3x18 ber cannot be less than 


a 78, because it must con- 
66=2x3 x11 tain 78; andif it contains 
68=3x38x 7 78, it must contain all its 

2x3x18 x11 x3 x7=18018 Ans. prime factors, viz.: 2 x 3 

x 18. We here have all 
the prime factors, and also all factors of 66 except 11. Annexing 11 to 

the series of factors we have 2 x 8 x 18 x 11, all the prime factors of 78 

and 66, and all the factors of 63 except one 8, and 7. Annexing 3 and 7 to 

the series we have 2 x 3 x 18 x 11 x 8 x 7, all the prime factors of each 
of the given numbers, and no others. The product of this series of fac- 
tors is the least common multiple of the numbers (IIT). 


Rute. —I. Resolve the given numbers into their prime factors. 

Il. Find the product of all the prime factors of the largest 
number, and such prime factors of the other numbers as are not 
found in the largest number. 
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Norte. — When a prime factor is repeated in any number, it must be taken as many times 
in the multiple, as the greatest number of times it appears in any of the given numbers. 


227. To find the least common multiple. — Second method. 
1. What is the least common multiple of 4, 9, 12, 18, and 36 ? 


OPERATION. Sotution.— We first write the given 
numbers in a series with a vertical line 
at the left. Since 2 is a factor of some of 
the given numbers, it must be a factor of 
the least common multiple sought (§ 226, 
Ill). Dividing as many of the numbers 
2x 2x%3x3=36 Ans. 28 are divisible by 2, we write the quo- 
tients, and the undivided number, 9, ina 

line underneath. Now, since some of the numbers in the second line 
contain the factor 2, the least common multiple must contain another 2. 
and we again divide by 2, omitting to write any quotient when it is 1. 
We next divide by 3 for a like reason, and again by 3. By this process 
we have transferred all the factors of each of the numbers to the left of 
the vertical line ; and their product, 36, must be the least common multiple. 


2. What is the least common multiple of 20,12, 15, and 75? 


OPERATION. Sorution. — We readily see that 
20 12 15 75 2 and 5 are among the factors of the 
given numbers, and must be factors 
of the least common multiple ; hence, 
writing 2 and 6 at the left, we divide 
2x5x2x3x5=300 Ans. every number that is divisible by 
either of these factors or by their 
product; thus, we divide 20 by both 2 and 5; 12 by 2; 15 by’5; and 75 
by 5. We next divide the second line in like manner by 2 and 3; and 
afterward the third line by 5. By this process we collect the factors of 
the given numbers into groups; and the product of the factors at the left 
of the vertical is the least common multiple sought. 


3. What is the least common multiple of 7, 10, 15, 42, 
and 70? 


OPERATION, Sotutiox. —In this operation we 

3, 7)15 42 70 omit the 7 and 10, because they are 
exactly contained in some of the 

2,5| 5 2 10 other given numbers; thus, 7 is 
38x7xX2x5=210 Ans. contained in 42, and 10 in 70; and 


whatever will contain 42 and 70 must 
contain 7 and 10. Hence we have only to find the least common multiple 
of the remaining numbers, 15, 42, and 70, in the same way as in Ex. 2, 
and we find the answer to be 210. 
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Rure.—I. Write the numbers im a line, omitting any of the 
smaller numbers that are factors of the larger, and draw a ver- 
tical line at the left. 

Il. Divide by any prime factor or factors that may be con- 
tained in one or more of the given numbers, and write the quo- 
tients and undivided numbers in a line underneath, omitting 
the 1’s. 

Ill. In like manner divide the quotients and undivided num- 
bers, and continue the process till all the factors of the given 
numbers have been transferred to the left of the vertical line. 
Then jind the product of these factors, which will be the least 
common multiple required. 

Nore. — We may use a composite number for a divisor, when it is contained in all the 


given numbers. 


What is the least common multiple of: 


4. 18, 27, 36, and 40? 7. 8,12, 18, 24, 27, and 36? 
5. 12, 26, and 52? 8. 22, 33, 44, 55, and 66? 
6. 32, 34, and 36? 9. 64, 84, 96, and 216 ? 


10. 15, 18, 21, 24, 35, 36, 42, 50, and 60? 
11. 6, 8, 10, 15, 18, 20, 24 and 30? 

12. If A can build 14 rods of fence in a day, B 25 rods, C 8 
rods, and D 20 rods, what is the least number of rods that will 
furnish a number of whole days’ work to either one of the four 
men ? 


13. A can dig 4 rods of ditch in a day, B can dig 8 rods, and 
C can dig 6 rods. What must be the length of the shortest! 
ditch that will furnish exact days’ labor either for each work- 
ing alone or for all working together ? 

14. The forward wheel of a carriage was 11 feet in circum- 
ference, and the hind wheel 15 feet; a rivet in the tire of each 
was up when the carriage started, and when it stopped the 
same rivets were up together for the 575th time. How many 
miles had the carriage traveled, allowing 5280 feet to the 
mile? 
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CANCELLATION. 


228. Cancellation is the process of rejecting equal factors 
from numbers sustaining to each other the relation of dividend 
and divisor ($169, III). 

Examples. 

229. To divide by cancellation. 

1. Divide 1365 by 105. 

OIIYaO Soourion. — We first indicate the 
division by writing the dividend above 
1365 3 xpxix13_ 13 2 horizontal line and the divisor below. 
105 Mae) Then factoring each term, we find that 

BXOXT Ans. 8, 5, and 7 are common factors; and 
crossing, or canceling these factors, we have 13, the remaining factor of 
the dividend, for a quotient. 

Nore. —If the product of several numbers is to be divided by the product of several 
other numbers, the common factors should be canceled before the multiplications are por- 


formed. The operations in multiplication and division will thus be abridged, and the factors 
of small numbers are generally more readily detected than those of large numbers. 


2. Divide 20 times 56 by 7 times 15. 
OPERATION, So.ution.— Having first indicated all the 
4 8 operations required by the question, we cancel 
‘ 7 and 56, and 5 from 15 and 20, leaving 
9, 7 from 7 and I 5 , leaving 
20 x 98 _ 32 _ 4 the factor 3 in the divisor, and 8 and 4 in the 
AX1B 3 Ang dividend. Then 8 x 4=32, which, divided by 3, 

ives 102, the quotient required. 
g 3 1 

Norr.—When a factor is canceled, the unit, 1, is supposed to take its place. It is 


thought more convenient by some to write the factors of the dividend on the right of o 
vertical line, and the factors of the divisor on the left. 


3. What is the quotient of 18 x 6 x 4 x 42 divided by 4 x9 
x3xX7x6? 


FIRST OPERATION. SECOND OPERATION 


2 2 
BXPXAXA? 4 4, 9| 6 
Ax9x3x7x$ aa B| A 
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Rure.—I. Write the numbers composing the dividend on one 
side of a horizontal or vertical line, and the numbers composing 
the divisor on the other. 

II. Cancel all the factors common to both dividend and divisor, 
and then divide the product of the remaining factors of the divi- 
dend by the product of the remaining factors of the divisor. 

4. Divide the product of 21 x 8 x 60 x 8 x Gby7 x12 x3 
x8 x 3. 

5. The product of the numbers 16, 5, 14, 40, 16, 60, and 50 
is to be divided by the product of the numbers 40, 24, 50, 20, 7, 
and 10; what is the quotient ? 

6. Divide the continued product of 12, 5, 183, 18, and 70 by 
the continued product of 3, 14, 9, 5, 20, and 6. 

7. If 213 x 84 x 190 x 264 is divided by 30 x 56 x 36, 
what will be the quotient ? 

8. Multiply 64 times 7 by 31 and divide the product by 8 
times 56; multiply this quotient by 15 times $8 and divide the 
product by 55; multiply this quotient by 13 and divide the 
product by 4 times 6. 

9. How many firkins of butter, each containing 56 pounds 
at 15 cents a pound, must be given for § barrels of sugar, each 
containing 195 pounds, at 4 cents a pound ? 

10. A merchant sold to a farmer two kinds of cloth, one kind 
at 75 cents a yard, and the other at 90 cents, selling him twice 
as many yards of the first kind as of the second. He received 
as pay 132 pounds of butter at 20 cents a pound; how many 
yards of each kind of cloth did he sell ? 

11. A man took six loads of potatoes to market, each load 
containing 20 bags, and each bag 2 bushels. He sold them at 
44 cents a bushel, and received in payment 8 chests of tea, each 
containing 22 pounds; how much was the tea worth a pound ? 

12. A grocer sold 25 boxes of soap, each containing 66 
pounds, at 9 cents a pound, and received as pay 99 barrels of 
potatoes, each containing 3 bushels; how much were the po- 
tatoes worth a bushel ? 


FRACTIONS. 


DEFINITIONS, NOTATION, AND NUMERATION. 


230. When it is necessary to express a quantity less than a 
unit, we may regard the unit as divided into some number of 
equal parts, and use one of these parts as a new unit of less 
yalue than the unit divided. Thus, if a yard, considered as 
an integral unit, is divided into 4 equal parts, then one, two, 
or three of these parts will constitute a number less than a 
unit. The parts of a unit thus used are called fractional units ; 
and the numbers formed from them, fractional numbers. 


231. A Fractional Unit is one of the equal parts of an integral 
unit. 

232. A Fraction is a fractional unit, or a collection of frac- 
tional units. 

Fractional units take their name, and their value, from the nwmber of 
parts into which the integral unit is divided. 

Ifa unit is divided into 2 equal parts, one of the parts is called one 
half. lf a unit is divided into 8 equal parts, one of the parts is called 
one third. If a unit is divided into 4 equal parts, one of the parts is called 
one fourth. And it is evident that one third is less in value than one 
half, one fourth less than one third, and so on. 


233. To express a fraction by figures, two integers are 
required; one to denote the number of parts into which the 
integral unit is divided, the other to denote the number of 
parts taken, or the number of fractional units in the collec- 
tion. The former is written below a horizontal line, the latter 
above. 
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One half is written 4 One sixth is written t 
One third ot 4 Five sixths § 
Two thirds ‘* 3 One seventh — * + 
One fourth ‘ } Three sevenths * 3 
Two fourths ‘* 4 ‘Three eighths ‘ 2 
Three fourths ‘ a Five ninths  * $ 
One fifth a L Eighttenths  “ Ys 
Two fifths $ One twelfth rr 


234. The Denominator of a fraction is the number below the 
line. It denominates or names the fractional unit, and it shows 
how many fractional units are equal to an integral unit. 


A Common Denominator is a denominator common to two or more 
fractions, and the Least Common Denominator is the least denominator 
common to them. 


235. ‘Che Numerator is the number above the line. It 
numerates or numbers the fractional units; and it shows 
how many are taken. 


236. The Terms of a fraction are the numerator and denomi- 
nator, taken together. 


237. Similar Fractions are fractions that have the same 
denominator, as + and %. Dissimilar Fractions have different 
denominators, as } and 4. 


238. A fraction is in its Lowest Terms when its numerator 
and denominator are prime to each other, that is, when the 
terms have no common divisor. 


239. The denominator of a fraction shows how many frac- 
tional units in the numerator are equal to 1 integral unit, hence 
we have the following principles: 


Principtes.—I. The value of a fraction in integral units ts 
equal to the quotient of the numerator divided by the denominator. 


Il. Fractions indicate division, the numerator being a dive 
dend, the denominator a divisor, and the value of a fraction, a 
quotient. 
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240. To analyze a fraction is to designate and describe its 
numerator and denominator. ‘Thus $ is analyzed as follows: 


7 is the denominator, and shows that the units expressed by the numera- 


tor are sevenths. 

6 is the numerator, and shows that 5 sevenths are taken. 

6 and 7 are the terms of the fraction considered as an expression of 
division, 6 being the dividend and 7 the divisor. 

241. A Proper Fraction is one whose numerator is less than 
its denominator; its value is less than the unit 1; as, 4, 4%;. 

242. An Improper Fraction is one whose munerator equals or 
exceeds its denominator; its value is never less than the unit 

. 9 
ile as, 4, ro 

Nores.—1. The value of a proper fraction, always being less than a unit, can only be 
expressed in a fractional form ; hence, its name. 


2. The value of an improper fraction, always being equal to, or greater than a unit, can 
always be expressed in some other form; hence, its name. 


248. A Mixed Number is a number expressed by an integer 
and a fraction; as, 5}, 167. 


Examples. 


244, Express the following fractions by figures: 
1. Four ninths. 
2. Seven jifly-sixths. 
3. Sixteen forty-eighths. 
4. Ninety-five one hundred seventy-ninths. 
5. Five hundred thirty-six four hundredths. 
6. One thousand eight hundred fifty-seven nine thousand 
Jive hundred twenty-firsts. 
7. Twenty-five thousand eighty-sevenths. 
8. Thirty ten thousand eighty-seconds. 
9. One hundred one ten millionths. 
10. Two thousand fifty-six thirty-three thousand jive hundred 
twenty-fifths. 
11. Thirty thousand seven hundred fifty-nine jifty thousand 
two hundred nineteenths. 


12. Six thousand seven hundred seventy-seven nine thousand 
two hundred fifty-thirds. 
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13. One hundred one thousand two hundred fifteen three 
hundred three thousand twenty-jifths. 


14. Hight thousand three hundred fifty-four twentysever 
thousand three hundred seventy-fourths. 


Read and analyze the following fractions: 


15. $3 v3 $05 eos ors tétes weiss #H 
16. 223 $53 Yous 133 ders 14; 488; Zot 
17. $353 F535 TAPS; aohoos $08 

18. $595 ods TSE: HST: 2808. 

19. $353 Eh05 SUGTSs FE00Gs FORCRCE- 

20. 3263 G73 SRE ThbRtEs Beka. 


245. Since fractions indicate division (§ 239, IT), all changes 
in the terms of a fraction will affect the value of that fraction 
accordiug to the laws of division; and we only need to 
modify the language of the General Principles of Division, 
by substituting the words numerator, denominator, and fraction, 
or value of the fraction, for the words dividend, divisor, and 
quotient, respectively (§ 169), and we shall have the following 
principles: 


Princreies. —I. Multiplying the numerator multiplies the 
fraction, and dividing the numerator divides the fraction. 


Il. Multiplying the denominator divides the fraction, and 
dividing the denominator multiplies the fraction. 


IIL. Alultiplying or dividing both terms of the fraction by the 
same number, does not alter the value of the fraction. 


246. These three principles may be embraced in one general 
law (§ 170). 


GenERAL LAw.—A change in the NUMERATOR produces a 
Like change in the value of the fraction; but a change in the 


DENOMINATOR produces an OPPOSITE change in the value of the 
Sraction. 
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REDUCTION. 


247. Reduction of fractions is the process of changing their 
terms, or their forms, without altering their value. 


Examples. 
248. To reduce fractions to their lowest terms. 
1. Reduce the fraction 55°; to its lowest terms. 


OPERATION. So.ution. — Dividing both terms of the fraction 
12-4 4 by the same number does not alter the value of the 
Tos=ti=t ANS. fraction ($245, IIL) ; hence, we divide both terms 


Or, of 7%; by 5, and both terms of the result, }}, by 
15)%%=+ Ans. 8, and obtain # for the final result. As 4 and 7 are 
prime to each other, the lowest terms of ;'; are 4. 


Instead of dividing by the factors 5 and 3 successively, we may divide 
by the greatest common divisor of the terms 60 and 105, which is 15, 
and reduce the fraction to its lowest terms at a single operation. 


Rute. — Cancel all factors common to numerator and denomi- 
nator; or, divide both terms by their greatest common divisor. 


Reduce to their lowest terms: 


Bf, 0, 6. 258. 10. 4482. 
$405. HE. HAR 11. 3444. 


249. To reduce an improper fraction to a whole or mixed 
number. 


1. Reduce 42 to a whole or mixed number. 
OPERATION. So.urion. — Since the value of a fraction in 
a9¢ = 207 +12 = integral units is equal to the quotient of the 
Bile numerator divided by the denominator (§ 239, I), 
24s a 24}. Ans. we divide the given numerator, 297, by the given 
denominator, 12, and obtain for the value of the fraction the mixed 
number 24,°, = 24}. 


Ruz. — Divide the numerator by the denominator. 


Nores.—1, When the denominator is an exact divisor of the numerator, the resalt 
will be a whole number ; in all other cases, a mixed number, 
2. In all answers containing fractions, reduce the fractions to their lowest terms, 


Change to equivalent integers or mixed numbers: 
Dreas eds 848, 6. 2491, 8. 3828, 10. 78,59, 
$56 6b. ABA 7, 1GR18. = 'g, 23635, 1a, 4.07, 
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250. To reduce a whole number to a fraction having a given 
denominator. 


1. Reduce 37 to an equivalent fraction with a denominator 
of 5. 
Sorurion. —Since in each unit there are 6 fifths, 
; in 37 units there must be 37 times 5 fifths, or 185 
37 x 5=185 fifths =14$5. The numerator, 186, is obtained in the 
87 =18% Ans. operation by multiplying the whole number, 37, by 
the given denominator. 


OPERATION, 


Rute. — Multiply the whole number by the given denominator ; 
take the product for a numerator, under which write the given 
denominator. 


Nore. —A whole number may be reduced to a fractional form by writing 1 under it for 
a denominator; thus, 9 = f. 


2. Reduce 17 to an equivalent fraction having 6 for its 
denominator. 

8. Change 375 to a fraction having a denominator of 8. 
Change 478 to a fraction having 24 for its denominator. 
Reduce 36 pounds to ninths of a pound. 

Reduce 359 days to sevenths of a day. 
Reduce 765 feet to fourteenths of a foot. 
Change 312 miles to sixteenths of a mile. 


ara» ep 


251. To reduce a mixed number to an improper fraction. 
1. In 123 how many sevenths are there ? 


OPERATION. 
125 Sorution.—In the whole number 12, there are 12 x 7 
7 , sevenths = 84 sevenths (§ 250), and 84 sevenths + 5 sevenths 


= 89 sevenths, or 4. 


$2 Ans. 


Rue. — Multiply the whole number by the denominator of the 
fraction; to the product add the numerator, and under the swum 
write the denominator. 


Change to improper fractions: 


2. 154. 5. 35612, 8. 15%. 11. 760,85. 
3. 244. 6. 300st5. 9. 135,85. 12. 1208. 


4. 57f. 7. 43448. «10. ST2y. «18. 2100} 


ROB. NEW HIGHER ar. —9 
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252. To reduce a fraction to a given denominator. 


We have seen that fractions may be reduced to lower terms 
by division. Conversely, 


Princietes.—I. Fractions may be reduced to higher terms by 
multiplication. 


Il. All higher terms of a fraction must be multiples of its lowest 
terms. 


1. Reduce $ to a fraction whose denominator is 40. 


OPERATION. So.ution. — We first divide 40, the required 
40+8=5 denominator, by 8, the denominator of the given 


3 x5 _ 15 fraction, to ascertain if it is a multiple of this term, 
Ans, 8. The division shows that it is a multiple, and 
8 x bu 40 that 5 is the factor which must be employed to 
produce it. We therefore multiply both terms of 

4, by 5 (§ 245, IID), and obtain }3, the required result. 


Rue. — Divide the required denominator by the denominator 
of the given fraction, and multiply both terms of the fraction by 
the quotient. 


2. Reduce 3 to a fraction having 24 for a denominator. 
3. Reduce +, to a fraction whose denominator is 96. 

4. Reduce 44 to a fraction whose denominator is 51. 

5. Reduce 5, to a fraction whose denominator is 78. 

6. Reduce 8%, to a fraction whose denominator is 3000. 
7. Change 1h to a fraction whose denominator is 8. 

8. Change 16,7, to a fraction whose denominator is 176. 


258. To reduce two or more fractions to a common denominator. 
1. Reduce 3 and 7 to a common denominator. 


OPERATION. ee We multiply both terms of the first fraction 
3x9 _ 27 by the denominator of the second, and both terms of the 
5 x9 45 second fraction by the denominator of the first (§ 245, 

Il). This must reduce each fraction to the same denomi- 
T x5 _ 3d nator, for each new denominator will be the product of the 
9 x5 45 given denominators. 


Roure.— Multiply the terms of each fraction by the denomina- 
tors of all other fractions. 


Norte. — Mixed numbers must first be reduced to ivaproper fractions, 


REDUCTION. 13) 


Reduce to fractions haying a common denominator: 
c=] 


2 ht ioe io ae 6. 4, 5h 1h 
g3, Bh bb Te Ayla ot 


254. To reduce fractions to their least common denominator. 


Princretes.—I. If two or more fractions are reduced toa 
common denominator, this common denominator will be a common 
multiple of the several denominators. 


Il. The least common denominator must therefore be the least 
common multiple of the several denominators. 
1. Reduce 4, 3%, and ;% to their least common denominator. 
OPERATION. 


8 5 2 15 Soturion. — We first find the least common 
= multiple of the given denominators (§ 227), which 
is 60. This must be the least common denomi- 
2=60 nator to which the given fractions can be re- 
duced (II). Reducing each fraction to the 
denominator 60, by § 262, we obtain $8, $§, and 

Ans. #5 for the answer. 


Rute.—I. Find the least common multiple of the given de- 
nominators, for the least common denominator. 


Il. Divide this common denominator by each of the given 
denominaors, and multiply each numerator by the corresponding 
quotient. The products will be the new numerators. 


Norrs. —1, If the several fractions are not in their lowest terms, they should be re- 
duced to their lowest terms before applying the rule. 

2. When two or more fractions are reduced to their least common denominator, thoir 
numerators and the common denominator will be prime to each other. 


Reduce to their least common denominator : 

& vo & ts 3b as 10. $34) HY tit 

} tt 23, Ts, tp oo 11. 25, 8, ly. 

- Bip Ph Bw 8b ae 12. itp Hh St: 
5. % $5 4. Fa T20 Yu + 13. 2 th Ts an 30 ¥- 


pw 
oP AD 
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ADDITION. 


255. The denominator of a fraction determines the value of 
the fractional unit (§ 234) ; hence, 

Privciptes.—I. If two or more fractions have the same 
denominator, their nwmerators express fractional units of the 
same value. 

Il. If two or more fractions have different denominators, their 
numerators express fractional units of different values. 

Ill. Fractions can be added only when they have a common 
denominator. 

Examples. 
256. To add fractions or mixed numbers. 
1. What is the sum of 34, ,5,, and 34? 


So.ution. — Since the de- 

= = nominators are alike, we sim- 

1 + 5 + ie —1+5+7_13 Ans, Ply add the numerators, and 

24° «24 «24 24 24 place the result over the de- 
nominator. 


OPERATION. 


2. What is the sum of 1, ,5,, and 5% ? 


OPERATION. 
1, 5,2 1242548 _45_3 
Bt 60 maGO med: 


Sotutioy. — We first reduce the given fractions to their least common 
denominator (§ 264). As the resulting fractions, }4, 35, and ,§; have the 
saine fractional unit, we add them by uniting their numerators into one 
sum, making 44 = }, the answer. 


3. Add 54, 3%, 4,4. 


5 oie ED Sorurion.—The sum of the integers, 
+3+ 4=12 5, 3, and 4, is 12; the sum of the fractions, 
$+ft = 25 4, f, and yy, is 2,5, Hence, the sum of both 


14,5, Ans. fractions and integers is 12 + 2,5, = 14,',. 


Nore, — All fractional results should be reduced to their lowest terms, and all improper 
fractions to whole or mixed numbers. 
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Rutz. —I. To add fractions. — Reduce the fractions to their 
least common denominator ; then add the numerators, and place 
the sum over the common denominator. 


II. To add mixed numbers. — Add the integers and fractions 
separately, and then add their sums. 


Add: 
4. Ty) wn By TH 13. $4 tht 
5. +5) a's: as» as 14. Yo ts vo 
6. ah ain dh ah 15. 5 f) td Ht 
7. TLL, 838, QUT, SE. 16. 3}, 42, 2%. 
8. 375, 1227, 138%, $3. 17. 1}, 22, 38, 44. 
9. Digs 4s Oxo, TH 18. dys, 85°, 2g. 
10. 183, 77's, 373, 14 19. } bay ar 
1l. BLED 20. 4; i ye ar 
12. 4) GT's» by 21. th Tp ve 
22. 3, 2p to fi 


2 6 
25. What is the sum of 134, 34, 83, and 54? 


26. Find the sum of 449, 87, 145, +4, and 83. 

27. Four cheeses weighed respectively 363, 422, 39,%,, and 
514 pounds. What was their entire weight ? 

28. What number is that from which if 44 are taken away 
the remainder will be 332? 

29. What fraction is that which exceeds 5 by % ? 

30. A farmer divides his farm into 5 fields; the first con- 
tains 26,4, acres, the second 40}$ acres, the third 514 acres, the 
fourth 59% acres, and the fifth 62} acres. low many acres 
are there in the farm ? 

31. A merchant sold 464 yards of cloth for $127,;4, 6414 
yards for $ 2268, and 76% yards for $ 3123. How many yards 
of cloth did he sell, and how much did he receive for the 
whole ? 


5 : 
24, 41, 21, 1ys, 25, Byte, TH, 44, OE 
4 
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SUBTRACTION. 


257. The process of subtracting one fraction from another 
is based upon the following principles : 

Princretes. —I. One number can be subtracted from another 
only when the two numbers have the same unit value. 

Ul. In subtraction of fractions, the minuend and subtrahend 
must have a common denominator (§ 255, I). 


Examples. 
258. To subtract fractions or mixed numbers. 
1. From 74 take +55. 


OPERATION. So.urion. —Since the fractions 
have a common denominator, we 
0) 12 = ty) 6 subtract the numerator of the smaller 

ae from that of the greater, and reduce 
the result to its lowest terms, 


2. From 4 subtract 3. 


OPERATION, So.urion. — Reducing the given frac- 
A oy WO— ak tions to a common denominator, the 
po ABD ~T5 Ans. resulting fractions +2 and }% express 


fractional units of the same value 
(§ 255, 1). Then 12 fifteenths less 10 fifteenths = 2 fifteenths = /, the 
answer. 


3. From 238} take 24%. 


So.ution. — We first reduce the fractional 


OPERATION, rari ae, : - 
rts, } and §, to the common denominator, 12. 

2381 = 238.8, Since we cannot take }9 from 43, we add 1 = }3, 
24% = 2440 to y,, making }§. ‘Then, +2 subtracted from }§ 


leaves 4°, ; and 24 from 287 leaves 213, hence, we 
213%, Ans. have 213%, for the entire remainder. 

Rure.—I. To subtract fractions. — Reduce the fractions to 
their least common denominator. Subtract the numerator of the 
subtrahend from the numerator of the minuend, and place the 
difference of the new numerators over the common denominator. 

IL. To subtract mixed numbers. — Reduce the fractional parts 
to a common denominator, and then subtract the fractional and 
integral parts separately. 
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Nore. — We may reduce mixed numbers to improper fractions, and subtract by the rule 
for fractions. But this method generally imposes the useless labor of reducing integral 
numbers to fractions, and fractions to integers again. 


Find the remainders: 


ce Oe ii. 44 —4h 18. 75 — 48. 
5. 38 — 24. 12. of — aie 19. 82—74. 
6. £8—p 19 cdg aie 20. 182 — 58. 
7. §-2 Van ee athe, 21. 26,1, — 2514. 
G f= e. ae Soe 22. 2816 —3.9,, 
ee eee 16. 16§— 74. 98. 78. —Boe 
10. 5 — #4 17. 3644-813. 24. 89,4, —124. 


25. From a cask of oil containing 314 gallons, 17 gallons 
were drawn. How many gallons remained ? 

26. A farmer, having 450.7; acres of land, sold 3044 acres. 
How many acres had he left? 

27. If flour is bought for $61 per barrel, and sold for $ 7%, 
what will be the gain per barrel ? 

28. Irom the sum of $ and 33, take the difference between 
44 and 5}. 

29. The sum of two numbers is 264, and the less is Ty. 
What is the greater ? 

30. What number is that to which if you add 184, the sum 
will be 97§ ? 

31. What number must you add to the sum of 126} and 
240%, to make 5603? 

32. What number is that which, added to the sum of 4, +4, 
and +, will make 33? 

33. To what fraction must 2 be added, so that the sum may 
be £? 

34. Irom a barrel of vinegar containing 314 gallons, 14% 
gallons were drawn. How much was then left? 

35. A dealer bought a quantity of coal for $1408, and of 
lumber for $4562. He sold the coal for $7751, and the lum- 
ber for $516,8;. How much was his whole gain ? 
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THEORY OF MULTIPLICATION AND DIViSION. 


259. In multiplication and division of fractions, the various 
operations may be considered in two classes: 


1. Multiplying or dividing a fraction. 
2. Multiplying or dividing by a fraction. 


260. The methods of multiplying and dividing fractions 
may be derived directly from the General Principles of Frac- 
tions (§ 245); as follows: 


Roure.—I. To multiply a fraction. — Multiply its numera- 
tor or divide its denominator (§ 245, I and II). 


Il. To divide a fraction. — Divide its numerator or multiply 
its denominator (§ 245, I and II). 


Ill. Perform the required operation wpon the numerator, o7 
the opposite upon the denominator (§ 246). 


261. The methods of multiplying and dividing by a fraction 
may be deduced, as follows: 


1, The value of a fraction is the quotient of the numerator divided by 
the denominator (§ 239, I). Hence, 

2. The numerator alone is as many times the value of the fraction, as 
there are units in the denominator. 

8. If, therefore, in multiplying by a fraction, we multiply by the 
numerator, this result will be too great, and must be divided by the 
denominator. 

4. Butif in dividing by a fraction, we divide by the numerator, the 
resulting quotient will be too small, and must be multiplied by the de- 
nominator. 


Hence, the methods of multiplying and dividing by a frac- 
tion may be stated as follows: 


: Rore.—I. To multiply by a fraction. — Multiply by the 
numerator and divide by the denominator. 

Il. To divide by a fraction. — Divide by the nwmerator and 
multiply by the denominator. 


Ill. Perform the required operation by the numerator and the 
opposite by the denominator. 


MULTIPLICATION. 
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MULTIPLICATION. 


Examples. 


262. To multiply fractions by integers, integers by fractions, 


or fractions by fractions. 


1. Multiply =; by 4. 


FIRST OPERATION, 
oy X4=2$=1}4 Ans. 
SECOND OPERATION. 


vy X4=$=13 Ans. 


THIRD OPERATION, 


5 AD 42 
9*i=37 i Ans. 


2. Multiply 21 by + 


FIRST OPERATION. 
21 x4=84=12 Ans. 


SECOND OPERATION. 


21x4=3x4=12 Ans. 


THIRD OPERATION, 


3 
21 

a “e412 Ans. 
1% Ans. 


3. Multiply 34, by 4. 


FIRST OPERATION. 


1st step, tr xT= At 

2d step, fi + § = 7% 
36. 5 
Pos =i Ans. 


SECOND OPERATION. 
fr X $= se H 35 Ans. 


THIRD OPERATION, 


BT 
* 


Sorurioy. —In the first operation, we 
multiply the fraction by 4 by multiplying 
its numerator by 4; and in the second 
operation, we multiply the fraction by 4 
by dividing its denominator by 4 (§ 260, I 
or III). 

In the third operation, we express the 
multiplier in the form of a fraction, indi- 
cate the multiplication, and obtain the re- 
sult by cancellation. 


So.ution. —To multiply by 4, we must 


multiply by 4 and divide by 7 (§ 261, I 
or III). 


In the first operation, we first multiply 
21 by 4, and then divide the product, 84, 
by 7. 

In the second operation, we first divide 
21 by 7, and then multiply the quotient, 
8, by 4. 

In the third operation, we express the 
whole number, 21, in the form of a frac- 
tion, indicate the multiplication, and ob- 
tain the result by cancellation. 


So.urion. —To multiply by 7, we must 
multiply by 7 and divide by 8 (§ 261, I or 
U1). Inthe first operation, we multiply 
+, by 7 and obtain }%; we then divide }} 
by 8 and obtain 45,, which, reduced, gives 
yz, the required product. 

In the second operation, we obtain the 
same result by finding the product of the 
numerators and the product of the de- 
nominators. 

In the third operation, we indicate the 
multiplication, and obtain the result by 
cancellation. 
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Runz.—I. Reduce all integers and mixed numbers to wr 
proper fractions. 
Il. Find the product of the numerators for a new numerator, 


and of the denominators for a new denominator. 


Nores.—1. Cancel all factors common to numerators and denominators. 
2. If a fraction is multiplied by its denominator, the product will be the numerator, 


Find the products in their lowest terms: 


4. x8. 7. 3X9. 10. 75 X3%. 18. 572 x oy 
5. $x 27. 8. x15. 11. 7 Xf. 14. $x 2. 
6. 3x4. 9. 8x4. 12. 756x@ 15. 14x 24. 
N{is. 24 x 38 x 1h. 20. 3X Ex4Ex st x H. 
17. 3% X 244 x %- 21. 28X75 x ith 
18. $x3?x3xt 22. 22x 24x 2x zie 
19. x€xXFX¢. 23. 34 Xa x 42 x 15. 


24. AS. xX ghy X BAY. 
25. Find the value of (44 x 4) +12 x (84—-4). 
26. Find the value of 28 + (73 —22) x 8 x (¢+4). 


Nore, —The word of between fractions is equivalent to the sign of multiplication; and 
such an expression {s sometimes called a compound fraction. 


Find the values of the following indicated products: 
5 4 of 6 

27. 4 of of 2. 29. § of +, of 4. 
28. fof tof 3. 30. 14 of 5, of 38 of 21, 

5 & 8 9 

31. + of 3 of § of $ of § of F of § of § of 3%. 
Norz.—In the following examples, cancellation may bo employed by the aid of the 
Factor Table, pages 110, 111. 


32. 594 xX THE x Fi 

33. $604 x $Hth x 487. 

34. G§te x 2408 x SH. 

85. What will 7 cords of wood cost at $ 38 per cord ? 

86. What is the value of (#)? x 18 x (4)°? 

37. If a horse eats 3 of a bushel of oats in a day, how many 
bushels will 10 horses eat in 6 days ? 

$8. What is the cube of 127? 
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39. At $92 per ton, what will be the cost of 4 of $ of a ton 
of hay ? 

40. At $9, a bushel, what will be the cost of 1% bushels of 
corn ? 

41. A man owning $ of a farm, sold 4 of his share. What 
part of the whole farm had he left ? 

42. A man bought a horse for $1254, and sold him for ¢ of 
what he cost. What was the loss? 

23. A man owned 4 of 123% acres of land, and sold $ of his 
share. How many acres did he sell ? 

44. If a family consumes 1} barrels of flour a month, 
how many barrels will five such families consume in 4,% 
months ? 

45. When peaches are worth $ { per basket, what is $ of a 
basket worth ? 

46. A man owning $ of 1563 acres of land, sold 4 of $ of his 
share. How many acres did he sell ? 

47. What is the product of (8)° x (4)? x G5)? x (8D? 

48. If a family consumes 17 barrels of flour a month, how 
many barrels will 6 families consume in 8,%, months ? 

49. What is the product of 150} —{(¢ of 1214+ 4 of 482) 
—75} multiplied by 3 x { (4 of 14 x 4) — 21}? 

59. What must be paid for $ of 6} tons of coal at 2 of $74 
a ton? 

51. A man at his death left his wife $12500, which was 4 
of 3 of his estate; she at her death left $ of her share to her 
daughter. What part of the father’s estate did the daughter 
receive ? 

52. A owned } of a cotton factory, and sold * of his share 
to B, who sold 4 of what he bought to C, who sold 2 of what 
he bought to D. What part of the whole factory did each then 
own ? 5 

53. What is the value of: 


24 X$+§ of 45 x GH)? + BH — BH? 
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DIVISION. 
Examples. 


263. To divide fractions by integers, integers by fractions, or 

fractions by fractions. 

1. Divide #1 by 3. 

FIRST OPERATION. Sorution. — In the first operation we divide 
#=3=5; Ans. the fraction by 3 by dividing its numerator by 
8, and in the second operation we divide the 
SECOND OPERATION. fraction by 8 by multiplying its denominator 


$4+38=H= 5 Ans. by 3 (§ 260, Mor Lil). 
2. Divide 15 by #. 


FIRST OPERATION. Sorurion. — To divide by #, we must 
rc x divide by 8 and multiply by 7 (§ 261, II 
+3= = ms. ° 
15+$=5x7=35 A or IID). 
SECOND OPERATION. In the first operation, we first divide 
15 3=105 = 3=35 Ans 15 by 3, and then multiply the quotient 
Baia cpt Soo meebynie 


In the second operation we first multiply 16 by 7, and then divide the 
product by 3. 


3. Divide +, by 4. 

FIRST OPERATION. Sotution. —To divide by #, we 
Metts ERY must divide by 3 and multiply by 6 
ee 1 £5 4 Ans, (6281, Hor IID). In the first opera- 
2% step, Fe XO = G5 =—y ANS. tion we first divide 4, by 3 by mul- 
tiplying the denominator by 3. We 
then multiply the result, ;4; by 5, by 
50 — 4 ‘ a rs DY 92 
tpXe—at—s Ans multiplying the numerator by 5, giving 


SECOND OPERATION. 


THIRD OPERATION. 4% = 4 for the required quotient. By 
Aveeg = 4. inspecting this operation, we observe 
— xf=— Ans. that the result, 72, is obtained by mul- 
Ip 3 tiplying the denominator of the given 
3 dividend by the numerator of the divi- 


sor, and the numerator of the dividend by the denominator of the divisor. 

Hence in the second operation, we invert the terms of the divisor, 3, 
and then find the product of the upper terms for a numerator, and of 
the lower terms for a denominator, and we obtain the same result as in 
the first operation. In the third operation, we shorten the process by 
cancellation. 


Note. — We haye learned (§ 160) that the reciprocal of a number is 1 divided by the 
number. If we divide 1 by 3, we shall have 1+3?=1x§=§. Hence, the reciprocal of a 
fraction is the fraction inverted. 
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Rue. —I. Reduce integers and mixed numbers to improper 
Fractions. 
Il. Multiply the dividend by the reciprocal of the divisor. 


Nores. —1. If the vertical line is used, the numerators of the dividend and the denomi- 
nators of the divisor must be written on the right of the vertical. 

2. Since a compound fraction is an indicated product of several fractions, its reciprocal 
may be obtained by inverting each factor of the compound fraction. 


4. Divide 3 of 3 by ¢ of 3%. 


OPERATION. 


Sorurion. — The dividend, reduced to a 
simple fraction, is }; the divisor, reduced in 
like manner, is ~;; and } divided by ¥y is 
1}, the quotient required. Or, we may apply 
the general rule directly by inverting both 
( 4 factors of the divisor. 

x 7 x S=14 Ans. 


cafes ofa ofo0 
x XX 


Norr. — The second method of solution given above has two advantages: first, it gives 
the answer by a single operation ; second, it affords greater facility for cancellation, 


Divide 
5. A2by 4. 9. 28 by 4. 13. by $. 
6. 4? by 5. 10. 56 by 18. 14. 42 by ¥. 
7. 34% by 80. 11. 4§ by &. 15. 38 by 5}. 
8. 10 by 2 12. 3 by +. 16. 14+ by 33. 
17. 4 of +; by 38, of 34. 19. 21 x TL by 3h x 338; 
18. yy of +8; by § of sy. 20. 11 by 3x 51 xT. 


21. What is the value of dt» 


OPERATION. 
5 _ it = x 5 _5_41 
vi 33 = X og gait Ans. 
2 


Sotution. —The fractional form indicates division, the numerator 
being the dividend and the denominator the divisor (§ 239, II) ; hence, 
we reduce the mixed numbers to improper fractions, and then treat the 
denominator, #2, as a divisor, and obtain the result, 1}, by the general 
rule for division of fractions. 


142 FRACTIONS. 


Nores.—1. Expressions like z and are sometimes called complex fractions. 
2, In the reduction of complex fractions to simple fractions, if either the numerator or 
_ denominator consists of one or more parts connected by + or —, the operations indicated by 
these signs must first be performed, and afterward the division, 


3 
22. What is the value of +? 
& 


23. What is the value os i us oe ? 


24. What is the value of 


3 


Si. 
25. Reduce + —* to its simplest form. 
g+% 


bee 
26. Reduce 7 to its simplest form. 


Xt 

27. Reduce aes to its simplest form. 

28. Divide 720 — (§ x 28 — 72) by 401 + (8 + #) x (4%. 

29. What number is that which, if multiplied by } of $ of 
4 of 9, will produce 48 ? 

30. If 7 pounds of coffee cost $4, how much will 1 pound 
cost ? 

31. If a boy earns $8 a day, how many days will it take 
him to earn $ 64? 

32. If 4 of an acre of land costs $30, what will an acre cost 
at the same rate ? 


33. At 4 of # of a dollar a pint, how much oil can be bought 
for $35? 

34. I bought 4 of 44 cords of wood for 2 of } of $30. How 
much was 1 cord worth at the same rate? 

35. The product of two numbers is 27, and one of them is 
23. What is the other ? 

36. By what number must you multiply 1614 to produce 
1483? 

37. What number is that which, if multiplied by 2 of 4 of 2, 
will produce 4? 
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FRACTIONAL RELATION OF NUMBERS. 


264. If we wish to know what part of 6 the number 8 is, we 
divide 3, the number to be compared, by 6, the number with 
which it is compared, and our answer is the required part, , or 
4. In finding what part one number is of another, whether the 
numbers are integral or fractional, the number compared always 
represents a dividend, the number with which it is compared 
a divisor, and the part to be found a quotient. 


Examples. 


265. To find what part one number is of another. 
1. What part of 36 is 28 ? 
OPERATION, So.ution. —The number compared, 28, 
28 +36=28=4 Ans, tepresents a dividend, and 36 the number 
2 with which it is compared, a divisor. 28 + 
36 = §. 
2. What part of 8 is $? 
OPERATION, Sotution.— The number compared, 4, 
$+8=4x1= 7, Ans. divided by 8 = yy. 
3. What is the relation of 8 to +? 
OPERATION. SoLution, —The number compared, 8, 
8++=8 x$=10 Ans. divided by 4, the number with which it is 
= compared, = 10. 


4. What part of ¢ is 3? 


OPERATION. So.ution. —In this example } is the 
2 +$=2x $= Ans. number compared ; 7 + $= 4%. 


5. What part of 24 is 13? 


OPERATION. So.turion. — We first reduced the 
Sess mixed numbers to improper fractions, 
24 =15; 13=4 : 


and §; $, the number compared 
5-14 — 6 (fh At 3 33 %) 
$+ 4t= a X= F Ans. divided by 14 = 3. 


Rute. — Divide the number compared by the number with 
which it is compared. 


Testy 
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What part of: 

6. 18is16? 11. 16is8? 16. is}? 21. 24is 1}? 

7. 891813? 12. 28isy,? 17. $is?? 22. 9Lis.34? 

8) sdis20? 18. 48is8? 18. ~is#? 23. 251 is 61? 
9. 20is8? 14. 15is2? 19. 2is2? 24. 100 is 331? 


che aie 


10. 100is5? 15. 50is$? 20. 
What is the relation of: 


bis 3? 25. 50 is 121? 


26. 5to$? 29. §to3? 32. $to4#? 35. 31 tod}? 
27. 6to4? 30. ¢t06? 33. } tog? 36. 61 to 21? 
98. 14to98? 31. dto7? 34. tog? 37. 1 to 5}? 


266. To find a number when a fractional part of it is given. 
1. 180 is % of what number ? 


OPERATION, Sotution. —Since 180 is three 


} the number = Lof 180 = 60 fourths of a certain number, ene 
4x 60 = 240 Fins Or fourth of the number will be } of 
SUS st ? 180, which is 60; and the number 
60 will be 4 times 60, which is 240, 
Sof 18) = 240 Ans Hence, 180 is } of 240 
=] = . Hence, is } of 240. 
2 Or, } the number will be } of 180, 
and 4, or the whole number, will be 4 times } or } of 180, which is 240. 


2. 42 is ¢ of what number ? 


OPERATION. 
Sorurion. —} the number will be } of }¢ 
and 4 or the whole number will be 4 of }2 

4 ¢/2_ 164, Ans. =iby Ans. 


3 15 15 


Rue. — Multiply the number by the fraction with its terms 
inverted ; or, divide the number by the fraction. 


Find the number of which: 


8. 75is# 7. 1d} is ¥. 11. ee is$. 15. 625 is §, 
4. 84ishi. 8. 180 is 2. 12. Leis 4. 16. 450 is &. 
5. 50isg 9. 240 is 4. 13. 64is}. 17. 15 is % 
6. 49isz. 10. 1000isi% 14. fis}. 18. fis}. 
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CONTINUED FRACTIONS. 


267. If we take any fraction in its lowest terms, as 44, and 
divide both terms by the numerator, we shall obtain a complex 
fraction, thus: 


Reducing ;, the fractional part of the denominator, in the 
same manner, we have, 


4 4 441 


for] 


+1 
2 


Expressions in this form are called continued fractions. 


268. A Continued Fraction is a fraction whose numerator is 
1, and whose denominator is a whole number plus a fraction 
whose numerator is also 1, and whose denominator is a whole 
number plus a fraction, and so on. 


269. ‘Che Terms of a continued fraction are the several sim- 


ple fractions which form the parts of the continued fraction ; 
as, 4, 4, and }. 


Norr. —Continued fractions are sometimes written with the sign of addition between the 
denominators, thus : 2121 
44642 


270. An Approximate Value of a continued fraction is the 
simple fraction obtained by reducing one, two, three, or more 
terms of the continued fraction. 

271. To reduce any fraction to a continued fraction. 


1. Reduce 49% to a continued fraction. 
Sotution. — We divide the denominator, 339, 


OPERATION. by the numerator, 109, and obtain 3 for the de- 
109 #1 nominator of the first term of the continued frac- 
339 34-1 tion. Then in the same manner we divide the 


— last divisor, 109, by the remainder, 12, and obtain 

al 9 for the denominator of the second term of the 

12 continued fraction. In like manner we obtain 12 
for the denominator of the final term. 


ROB. NEW HIGHER AR. — 10 
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Ruuz.—I. Divide the greater term by the less, and the last 
divisor by the last remainder, and so on, till there is no remainder. 

Il. Write 1 for the numerator of each term of the continued 
fraction, and the quotients in their order for the denominators. 

Reduce to continued fractions: 

De ec Ce rrr 

272. To find the several approximate values of a continued 
fraction. 

1. Reduce 588, to a continued fraction, and find its approxi- 
mate values. 


* OPERATION. 
aeat the continued fraction. 
3+1_ 
2+1 
5 
; =i, Ist approx. value. 
ues 
CEST sae tO =3) 9a « 
3 4x3+41 13 
ie ee Rasa 8 X24+1_ 38x2+1_7 99 « te 
441 442 *(4X841)x24+4 138x244 30’ 
3+1 8x241 
Le = O48 88 gic « 
ay 30x5+4+13 163’ 
S41. 
241 
3 5 


Sourion. — We take }, the first term of the continued fraction, for the 
first approximate value. Reducing the complex fraction formed by the 
first two terms of the continued fraction, we have 48, for the second 
approximate value. In like manner, reducing the first three terms, we 
have ,j, for the third approximate value. By examining this last process, 
we perceive that the third approximate value, 4%, is obtained by multiply- 
ing the terms of the preceding approximation, ,%,, by the denominator of 
the third term of the continued fraction, 2, and adding the corresponding 
terms of the first approximate value. ‘Taking advantage of this principle, 
we multiply the terms of y by the fourth denominator, 5, in the con- 


ee By 
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tinued fraction, and adding the corresponding terms of #,, obtain ,34,, the 
fourth approximate value, which is the same as the original fraction. 

Rure.—I. Vor the first approximate value, take the first term 
of the continued fraction. 

Il. For the second approximate value, reduce the complex frac- 
tion formed by the first two terms of the continued fraction. 

Ill. or each succeeding approximate value, multiply both 
numerator and denominator of the last preceding approxima- 
tion by the next denominator in the continued fraction, and add 
to the corresponding products respectively the numerator and 
denominator of the preceding approximation. 


Norrs. —1. When the given fraction is improper, invert it, and reduce this result to a 
continued fraction ; then invert the approximate values obtained therefrom. 

2. Inaseries of approximate values, the Ist, 3d, 5th, ete., are greater than the given 
fraction ; and the 2d, 4th, 6th, ote., are less than the given fraction. 


We may also reduce a continued fraction to a common frac- 
tion by beginning at the last term. 


OPERATION. s = : 
So.ution. — Taking the same example, and reducing 


1 5 
pyre i {1 the last two terms, we have 1+ Be = Taking this 
5 result with the preceding term, we have 1 = 

i 11 3+ 5 
34. mh 3a ll 
9 rity 
3+ aa 38 1+ = =i. Again, taking this result with the first 
Ib coe 38 term, we have r= + as 
4+11 1638 we 

38 Ans. 38 


2. Find the approximate values of {%%. 

3. Find the approximate values of 83,. 

4. What are the first three approximate values of 2881, ? 

5. What are the first five approximate values of $23? 

6. Reduce 3} to the form of a continued fraction, and find 
the value of each approximating fraction. 

Reduce to common fractions : 
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GREATEST COMMON DIVISOR. 


278. The Greatest Common Divisor of two or more fractions 
is the greatest number which will exactly divide each of them, 
giving a whole number for a quotient. 

Notr.—The definition of greatest common divisor (§ 219) is general, and applics to 
fractions as well as to integers. 

274. In the division of one fraction by ancther the quctient 
will be a whole number, if, when the divisor is inverted, the 
two lower terms may both be canceled. This will be the case 
when the numerator of the divisor is exactly contained in the 
numerator of the dividend, and the denominator of the divisor 
exactly contains, or is a multiple of; the denominator of the 
dividend; as, 


aes 
5 — I po 
Bt SSOmn Is Bi © 


Prinoreies.—I. A fraction is an exact divisor of a given 
fraction when its numerator is a divisor of the numerator of 
the given fraction, and its denominator is a multiple of the de- 
nominator of the given fraction. 


IL. A fraction is a common divisor of two or more given Jrac- 
tions when its numerator is a common divisor of the nwmerators 
of the given fractions, and its denominator is a common multiple 
of the denominators of the given fractions. 


Til. The greatest common divisor ef two or more given frac- 
tions is a fraction whose numerator is the greatest common divisor 
of the numerators of the given fractions, and whose denominator 
is the least common multiple of the denominators of the given 
Fractions. 


The greatest common divisor of two or more fractions may be found 
by reducing the fractions to a common denominator, and then finding 
the greatest common divisor of the numerators of the similar fractions 
for a numerator, which is written over the common denominator. ‘The 
following method, however, which is developed directly from the prin- 
ciples, is shorter : 


DECIMAL FRACTIONS. ce 


280. A Decimal Fraction is one or more of the decimal divi- 
sions of a unit (§ 13). 


Norges. —1. The word decimal is derived from the Latin decem, which signifies ten. 
2. Decimal fractions are commonly called decimals, 


For Notation, Addition, and Subtraction of decimals, see 
§§ 47-58, 73, 86. 
REDUCTION. 


Examples. 
281. To reduce decimals to a common denominator. 
1. Reduee .5, .24, .7836, and .875 to a common denominator. 


So._urion. —A common denominator must contain as 
oreration. many decimal places as are equal to the greatest number of 


x decimal places in any of the given decimals. We find that 
D000 p f Fi 
2400) the third number contains four decimal places, hence 10000 


moor pAns. Must be a common denominator. As annexing ciphers to 
7836 decimals does not alter their value, we give to each number 
7 . . . 
8750 four decimal places, by annexing ciphers, and thus reduce 
the given decimals to a common denominator. 
Ruy. — Give to each number the same number of decimal 
places, by annexing ciphers. 


Norrs.—1, If the numbers are reduced to the denominator of that ono of the given 
numbers having the greatest number of decimal places, they will have their Zeast common 
decimal denominator. 

2. An integer may readily be reduced to any decimal by placing the decimal point after 
units, and annexing ciphers; one cipher reducing it to tenths, two ciphers to hundredths, 
three ciphers to thousandths, and so on. 


Reduce to their least common denominator: 

2. .18, 456, .0075, .000001, .05, 3789, 5943786, and .001. 

3. 12 thonsandths, 185 millionths, and 986 billionths. 

4. 57.3, 900, 4.7555, and 100.000001. * 
157 
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282. To reduce a decimal to a common fraction. 

1. Reduce .375 to an equivalent common fraction. 
OPERATION. 
3815 = fh = 2 

Rue. — Omit the decimal point, supply the proper denomina- 
tor, and reduce the fraction to its lowest terms. 
Reduce to common fractions : 


So.ution. — Writing the decimal figures 375 
over the denominator, 1000, we have 4,%%5, which, 
reduced to its lowest terms, equals {. 


2. .75. 5. .68. 8. 375. 11. .00032. 
3. 62 6. .5625. 9. .625. 12. .002624. 
4, 12. 7. .024. 10. .875. 13. .00315. 
14. Reduce .13} to a common fraction. 

OPERATION. 


Gi Re ee 
100 300 165 
Note. — The decimal .13} may properly be called a complex decimal. 
Change to common fractions: 
15. .d74. 17. 142. 19. .0242. 21. 4444, 
“16. .662. 18. 426. 20. 9843. 22. .312, 

23. Express 24.74 by an integer and a common fraction. 
24. Reduce 2.1875 to an improper fraction. 
25. Reduce 1.64 to an improper fraction. 
26. Reduce 7.496 to an improper fraction. 
283. To reduce a common fraction to a decimal. 
1. Reduce } to its equivalent decimal. 


Ans. 


FIRST OPERATION. 


f= $900 = 025, =.625 Ans. 
SECOND OPERATION, 
8)5.000 
625 Ans. 


So.ution. — We first annex the 
same number of ciphers to both terms 
of the fraction ; this does not alter its 
value ($245, III); we then divide 
both resulting terms by 8, the sig- 
nificant figure of the denominator, 
and obtain the decimal denominator, 


1000. Omitting the denominator, and prefixing the sign, we have the 


equivalent decimal, .625. 


In the second operation, we omit the intermediate steps, and obtain 
the result, practically, by annexing the three ciphers to the numerator, 5, 
and dividing the result by the denominator, 8. Or, since 3 is } of 5, we 
divide 5 (reduced to a decimal) by 8. 
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2. Reduce +3, to a decimal. 


Soturion. — Dividing as in Ex. 1, we obtain a quotient 
“3 of 2 figures, 24. But since 3 ciphers have been annexed 
125)3.000 to the numerator, 3, there must be three places in the 
.024. required decimal ; hence we prefix 1 cipher to the quotient 

Ans. figures, 24. ‘The reason of this is also shown as follows: 


OPERATION. 


eer eet Y Sa 
Ths = ribtte = rita = 024 
Rune. — Annex ciphers to the numerator, and divide by the 


denominator. Point off as many decimal places in the result as 
are equal to the number of ciphers annexed. 


Notre.—If the division is not exact when a sufficient number of decimal terms have 
been obtained, the sign, +, may be annexed to the decimal to indicate that there is still a 
remainder, When this remainder is such that the next decimal term would be 5 or 
greater than 5, tho last term of the terminated decimal may be increased by 1, and the 
sign, —, annexed, And in general, + denotes that the written decimal is too small, and — 
denotes that the written decimal is toc large; the error always being less than one half of a 
anit in tho last place of the decimal. 


Reduce to decimals: 


3. 2. 6. 44. 9. hh. 12. 34. 15. Hi. 
4. +r. 7 Lt. 10. 44. 13. 5%. 16. yy 
Bik Cee Cee ee CT eS aris 


Reduce to simple decimals: 


18. .244, 20. .3;44;. 22. .80,4901,. 
19. 5.7849. 21. 4.0%. 23. 102.093. 


284. ‘The following fractions and decimal equivalents should 
‘be committed to memory: 


4=.50. +=.80. $= .85$. {= 555. 
4= 33h, += 163. 4 = 12}. $=.77f. 
2 = .663. $= 831, $= 37h. py = -09-4;. 
4 = 25, += 149. $= .62}. qs = 084. 
$= .75 # = .284. 4= 87h. qs = -061. 
+= .20 $= 428. += 11}. aly = .05. 
2= 40. += OTL. $= 222. gly = .04. 

% = .60. f= .713. $= 44g. ey = 02. 


160 DECIMAL FRACTIONS. 


MULTIPLICATION. 

285. For multiplication of decimals by integers, see § 103. 
In multiplication of decimals by decimals, the location of the 
decimal point in the product depends upon the following prin- 
ciples : 

Principtes.—I. The number of ciphers in the denominator 
of a decimal is equal to the number of decimal places. 

Il. Jf we find the product of two decimals, in the fractional 
Sorm, the denominator will contain as many ciphers as there are 
decimal places in both factors. 

Il. The product of two decimals, expressed in the decimal 
form, must contain as many decimal places as there are decimal 
places in both factors. 

Examples. 

286. To multiply by a decimal. 

1. Multiply .45 by .7. 


OPERATION. So.ution. — We first multiply as in whole 
45 numbers ; then, since the multiplicand has 

7 2 decimal places and the multiplier 1, we 
en point off 2+1=%5 decimal places in the 
.815 Ans. product (§ 285, Ill). ‘The reason of this is 
PROOF. further illustrated in the proof, a method 


tes X= thts = 315 applicable to all similar cases. 

Ruxe. — Multiply as in whole numbers, and from the right 
hand of the product point off as many figures for decimals as 
there are decimal places in both factors. 


Nores.—1. If there are not as many figures in the product as there are decimals in both 
factors, supply the deficiency by prefixing.ciphers. 

2. To multiply a decimul by 10, 100, 1000, etc., remove the point as many places to the 
right as there are ciphers on the right of the multiplier. 


Multiply : 
2. .75 by A. 7. .0075 by .005. 12. 100000 by .576. 
3. .436 by .24. 8. 3.24 by .324. 13. 7} by 5}. 
4. 5.75 by .35. 9. 75.64 by .225. 14. .631 by 24. 


5. 756 by 025. 10. 5.728 by 100. 15. 4,5, by 72s. 
6. 3.784 by 2.475. 11. .36 by 1000. 16. 10000 by .0001. 
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17. Find the value of 3.425 x 1.265 x 64. 

18. Find the value of 32 x .57825 x .25. 

19. If a cubic foot of granite weighs 168.48 pounds, what 
will be the weight of a granite block containing 27% cubic feet ? 

20. When a bushel of corn is worth 2.8 bushels of oats, how 
many bushels of oats must be given for 36.5 bushels of corn ? 

21. At the rate of $9.50 on $1000, what amount of tax 
should be paid on a house worth $ 15575 ? 


ContrRAcTED MULTIPLICATION. 


287. It is frequently the case in multiplication of decimals, 
that a greater number of decimal figures is obtained in the 
product, than is necessary for practical accuracy. This may 
be avoided by contracting each partial product to the required 
number of decimal places. 

To investigate the principles of this method, let us take the two 
decimals .12345 and .564321, and having reversed the order of the digits 
in the latter, and written it under the former, multiply each term of the 
direct number by the term below in the reversed number, placing the 
products with like orders of units in the same column, thus: 


12345 direct = .12345 
54321 reversed = 12345. 


-000025 =.00005 x .5 
-000016 = .0004. x .04 
.000009 = .003 x .003 
000004 = .02 x .0002 
000001 = .1 x .00001. 

In this operation we perceive that all the products are of the same 
order; and this must always be the case, whether the numbers used are 
fractional, integral, or mixed. For, as we proceed from right to left in 
the multiplication, we pass regularly from lower to higher orders in the 
direct number, and from higher to lower in the reversed number. 

_ Principrr.— If one number is written under another with the 
order of its digits reversed, and each unit of the reversed number 
is multiplied by the unit above it in the direct number, the prod- 
ucts will all be of the same order of units. 

ROB. NEW HIGHER AR. — 1] 
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Examples. 


288. To obtain a given number of decimal places in the product. 


1. Multiply 4.78567 by 3.25765, retaining only 3 decimal 
places in the product. 


OPERATION, Sorution.—Since the product of any 
4.78567 term by units is of the same order as the 
56752.3 term multiplied (§ 102, IL), we write 3, the 


peters eeae units of the multiplier, under 5, the third 
14857 = 4785 x 3-+2 decimal term of the multiplicand, and the 
957 = 478x241 lowest order to be retained in the product; 
939 47x 544 and the other terms of the multiplier we 

3 dsc dials write in the inverted order, extending to 

3 x y 4F the left. ‘Then, since the product of 3 and 

3= 0xX6+8  5is of the third order, or thousandths, the 
15.589 + Ans. products of the other corresponding terms 
at the left, 2 and 8, 5 and 7, 7 and 4, etc., 

will be thousandths, § 287, Prin. ; and we therefore multiply each term of 
the multiplier by the terms aboye and to the left of it in the multiplicand, 
carrying from the rejected figures of the multiplicand, as follows: 3 times 6 
are 18, and as this is nearer 2 units than one of the next higher order, we 
must carry 2 to the first contracted product; 3 times 5 are 15, and 2 to 
be carried are 17; writing the 7 under the 3, and multiplying the other 
terms at the left in the usual manner, we obtain 14357 for the first par- 
tial product. Then, beginning with the next term of the multiplier, 
2 times 5 are 10, which gives 1 to be carried to the second partial product; 
2 times 8 are 16, and 1 to be carried are 17; writing the 7 under the first 
figure of the former product, and multiplying the remaining left-hand 
terms of the multiplicand, we obtain 957 for the second partial product. 
Then, 5 times 8 are 40, which gives 4 to be carried to the third partial 
product ; 5 times 7 are 36 and 4 are 39; writing the 9 in the first column 
of the products, and proceeding as in the former steps, we obtain 239 for: 
the third partial product. Next, multiplying by 7 in the same manner, 
We obtain 33 for the fourth partial product. Lastly, beginning 2 places 
to the right in the multiplicand, 6 times 7 are 42 ; 6 times 4 are 24, and 4 
are 28, which gives 3 to be carried to the fifth partial product; 6 times 0 
is 0, and 8 to be carried are 8, which we write for the last partial product. 
Adding the several partial products, and pointing off 3 decimal places, we 

have 16.589, the required product. 


Rurz.—I. Write the multiplier with the order of its Jigures 
reversed, and with the units’ term under that figure of the multi- 
plicand which represents the lowest decimal order to be retained 
tn the product. 
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Il. Find the product of each term of the multiplier by the 
terms in the multiplicand above and to the left of it, increasing 
each partial product by as many units as would have been carried 
from the rejected part of the multiplicand, and one more when the 
highest term in the rejected part of any product is 5 or greater 
than 5; and write these partial products with the lowest term of 
each in the same column. 


III, Add the partial products, and from the right hand of the 
result point off the required number of decimal places. 


Norrs.— 1. In obtaining the number to be carried to each contracted partial product, it 
is generally necessary to multiply (mentally) only one term at the right of the term above 
the multiplier; but when the terms are large, the multiplication should commence at least 
two places to the right. 

2, When the number of units in the highest order of the rejected part of the product is 
between 5 and 15, we carry 1; when between 15 and 25, we carry 2; when between 25 and 
35, we carry 5; and so on, 

8. There is always a liability to an error of one or two units in the last place; and as 
the answer may bo cither too great or too small by the amount of this error, the uncertainty 
may be indicated by the double sign, +, read, plus, or minus, and placed after the product. 

4, When the number of decimal places in the multiplicand is less than the number to be 
retained in the product, the deficiency must be supplied by annexing ciphers. 


2. Multiply 286.45 by 32.46357, retaining 2 decimal places 
in the product. 

3. Multiply 2.563789 by .0347263, retaining 6 decimal places 
in the product. 


2. : 8. 
OPERATION. OPERATION. 
236.450 2.563789 
75364.23 3627430. 
709350 76914 
47290 10255 
9458 1795 
1419 51 
71 15 
12 Z 
2 089031 + Ans. 


7676.02 + Ans. 


4. Multiply 215.72 by 4.347892, retaining four decimal places 
in the product. 
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5. Multiply .24367 by 36.75, retaining 2 decimal places in 
the product. 

6. Multiply 4256.785 by .00564, rejecting all beyond the 
third decimal place in the product. 

7. Multiply 357.84327 by 1.007806, retaining 4 decimal 
places in the product. 

8. Multiply 272.345 by 7.0003, retaining 4 decimal places 
in the product. 

9. Multiply 999.999 by .0909, retaining 5 decimal places in 
the product. 

10. Multiply 300060.5 by .04002, retaining 3 decimal places 
in the product. 

11. Multiply 400.756 by 1.367583, retaining 2 decimal places 
in the product. 

12. Multiply 432.5672 by 1.0666666, retaining 3 decimal 
places in the product. 

13. Multiply 48.4367 by 2,5,, OMEN the product to 3 
decimal places. 

14. Multiply 7,2, by 324%, extending the product to 3 
decimal places. 

15. Multiply 36.275 by 4.3678, ae 1 decimal place in 
the product. 

16. Multiply 9765.493 by 0509187, retaining 5 decimal 
places in the product. 

17. The first satellite of Uranus moves in its orbit 142.8373 + 
degrees in 1 day. Find how many degrees it will move in 2.52035 
days, carrying the answer to 2 decimal places. 

1s. A gallon of distilled water weighs 8.33888 pounds. 
How many pounds are there in 35.8756 gallons ? 

19. One French meter is equal to 1.09356959 English yards. 
How many yards are there in 478.7862 meters ? 

20. The polar radius of the earth is 6356078.96 meters, and 
the equatorial radius, 6377397.6 meters. Find the two radii, 
and their difference, to the nearest hundredth of a mile, 1 meter 
being equal to 0.000621346 of a mile. 
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DIVISION. 


289. For division of decimals by integers, see § 164. In 
division of decimals by decimals the location of the decimal 
point in the quotient depends upon the following principles : 


Princiextes. —I. Ifone decimal number in the fractional form 
is divided by another, also in the fractional form, the denominator 
of the quotient must contain as many ciphers as the number of 
ciphers in the denominator of the dividend exceeds the nwmber in 
the denominator of the divisor. 

IL. The quotient of one number divided by another in the deci- 
mal form must contain as many decimal places as the nwmber of 
decimal places in the dividend exceeds the number in the divisor. 


Examples. 
290. To divide by a decimal. 
1. Divide 34.368 by 5.37. 


OPERATION. Sortution. — We first divide as in whole 
5.37) 34.368 (6.4 Ans. numbers ; then, since the dividend has 3 
82 22 decimal places and the divisor 2, we point 
- off 8 — 2 =1 decimal place in the quotient 

I q 
2148 (§285, IIT). ‘The correctness of the work is 
2148 shown in the proof, where the dividend and 


divisor are written as common fractions. 

For, when we have canceled the denomi- 
64 nator of the divisor from the denominator 

34368 100 64 of the dividend, the denominator of the 

EEE LEE a ==, quotient must contain as many ciphers as 

A900 DBT 10 the number of ciphers in the dividend ex- 
10 ceeds those in the divisor. 


PROOF, 


Rute. — Divide as in whole numbers, and from the right hand 
of the quotient point off as many places for decimals as the dect- 
mal places in the dividend exceed those in the divisor. 


Norrs.—1. If the number of figures in the quotient is less than the excess of the 
decimal places in the dividend over those in the divisor, the deficiency must be supplied by 


prefixing ciphers. 


2. If there !s a remainder after dividing the dividend, annex ciphers, and continue the 


Civision ; the ciphers annexed are decimals of the dividend. 
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8. The dividend should always contain at least as many decimal places as the divisor, 
before commencing the division; the quotient figures will then be integers till all the deci- 
mals of the dividend have been used in the partial dividends. 

4. To divide a decimal by 10, 100, 1000, ete., we must remove the point as many places 
to the left as there ore ciphers on the right of the divisor. 


Divide: 

»2. 96188 by 3.46. ~ 8. .0026 by .003. 
3. 46.1975 by 54.35. \9. 3.6 by .00006. 
4. .014274 by .061. S10. 3 by 450. 

+5. .952 by 4.76. “Ii. 75 by 10000. 
‘6. 345.15 by .075. 12. 4.36 by 100000. 
. 7. 8 by 476.3. 13. 645.5 by 1000, 


14. How many men will it take to build 154.125 rods of 
fence in 1 day if each builds 6.165 rods ? : 

15. How many coats can be made from 16.2 yards of cloth, 
allowing 2.7 yards for each coat ? 

16. If a man travels 36.34 miles a day, how long will it 
take him to travel 674 miles ? 

17. How many revolutions will a wheel 14.25 feet in cir- 
cumference make in going a distance of 1 mile or 5280 feet ? 

1g. A man having $4000 wishes to exchange it for marks 
(German money). If 1 mark is equal to $.288, how much will 
he get in exchange ? 

19. A city was taxed $572 on $650000 worth of property. 
What was the tax on a dollar, and what was the amount of 
Mr. Jefferson’s tax, who owned $569 worth of taxable 
property ? 

20. Aman having $973.30 wishes to exchange it for English 
money. At $4.8665 to the pound, how many pounds sterling 
would he receive in exchange ? 

21. What is the diameter of a circle whose circumference is 
35 feet, the circumference of a circle being 3.1416 times its 
diameter ?. 

22. The product of four numbers is 932.25; three of them 
are 56.5, 1.1, and .03. What is the fourth ? 


DIVISION. 167 


ConTrRAcTED Dtvision. 


291. In division of decimals, the products of the divisor by 
the several quotient terms may be contracted, as in multiplica- 
tion, by rejecting at each step the unnecessary figures of the 
divisor (§ 287). 

Examples. 


292. To obtain a given number of decimal places in the quo- 
| tient. 

1. Divide 790.755197 by 32.4687, extending the quotient to 
2 decimal places. 


FIRST CONTRACTED METHOD. COMMON METHOD. 
32.4687 ) T90.T55197 (24.35 32.4687 ) 790.7|55197 (24.35 
649 4 Ans. 649 3/74 Ans. 
1413 141 3/811 
1299 129 8/748 
114 11 5/0639 
97 9 7/4061 
Nes 1 7\65787 
16 1 6/23435 
at 1/42352 
SECOND CONTRACTED METHOD. Soturion.—In the first method of 
32.4687 ) 790.755197 contraction, we first compare the 3 tens 
53.42 1413 of the divisor with the 79 tens of the 
ee aS; dividend, and ascertain that there will 
it 4 be 2 integral places in the quotient; 
17 and as 2 decimal places are required, the 
1 quotient must contain 4 places in all. 


Then assuming the four left-hand terms 
of the divisor, we say 3246 is contained in 7907, 2 times; multiplying the 
assumed part of the divisor by 2, and carrying 2 units from the rejected 
part, as in Contracted Multiplication of Decimals, we have 6494 for the 
product, which, subtracted from the dividend, leaves 1413 for a new divi- 
dend. Now, since the next quotient term will be of an order next below 
the former, we reject one more place in the divisor, and divide by 324, 
obtaining 4 for a quotient, 1299 for a product, and 114 for a new dividend. 
Continuing this process till all the terms of the divisor are rejected, we 
have, after pointing off 2 decimals as required, 24.35 for a quotient. Com- 


168 DECIMAL FRACTIONS. 


paring the contracted method with the common method, we see the extent 
of the abbreviation, and the agreement of the corresponding intermediate 
results. 

In the second method of contraction, the quotient is written with its 
first term under the lowest order of the assumed divisor, and the other 
terms at the left in the reverse order. By this arrangement, the several 
products are conveniently formed, by multiplying each quotient term by 
the terms above and to the left of it in the divisor, by the rule for con- 
tracted multiplication (¢ 288), and the remainders only are written as in 
§ 173. 

Route.—I. Compare the highest or left-hand term of the 
divisor with the units of like order in the dividend, and deter- 


mine how many terms will be required in the quotient. 

Il. For the first contracted divisor take as many significant 
terms from the left of the given divisor as there are places re- 
quired tn the quotient ; and at each subsequent division reject one 
place from the right of the last preceding divisor. 

Il. In multiplying by the several quotient terms carry from 
the rejected terms of the divisor as in contracted multiplication. 


Notes. —1. Supply ciphers, at the right of either divisor or dividend, when necessary, 
before commencing the work 

2. If the first term obtained in the quotient is written under the lowest assumed term 
of the divisor, and the others at the left in the inverted order, the several products will be 
formed with the greatest convenience, by simply multiplying each quotient term by the 
term above and to the left of it in the divisor. 


2. Divide 27.3782 by 4.3267, extending the quotient to 3 
decimal places. 

3. Divide 487.24 by 1.003675, extending the quotient to 2 
decimal places. 

4. Divide 8.47326 by 75.43, extending the quotient to 5 deci- 
mal places. 

5. Divide .8487564 by .075637, extending the quotient to 3 
decimal places. ; 

6. Divide 478.325 by 1.432, extending the quotient to 3 deci- 
mal places. 

7. Divide 8972.436 by 756.3452, extending the quotient toe 
4 decimal places. 

8. Divide 1 by 1.007633, extending the quotient to 6 deci 
mal places. 


CIRCULATING DECIMALS, 


—10— 


293. Common fractions cannot always be exactly expressed 
in the decimal form; for in some instances the division will 
not be exact if continued indefinitely. 


294. A Finite Decimal is a decimal which terminates at a 
certain decimal place; as .5, .75, .375. 


295. An Infinite or Circulating Decimal is one which never 
terminates, but has one or more figures constantly repeated ; 
as .333-+4, 437437 +. 

Circulating Decimals are also called Circulates or Circulators. 


296. A Repetend or a recurring period is the figure or set of 
figures continually repeated. When a repetend consists of a 
single figure, it is indicated by a point placed over 1t; when it 
consists of more than one figure, a point is placed over the 
first, and one over the last figure. Thus, the circulating deci- 
mals .55555-+ and .3243243244, are written, .5 and .324. 


297. «A repetend is said to be expanded when its figures are 
continued in their proper order any number of places toward 
the right; thus, .24, expanded, is .2424+4, or .242424949-4., 


298. Repetends which begin at the same place are Co- 
originous ; those which end at the same place are Conterminous, 
and those which begin and end at the place are Similar. 

Thus, 24 and .875 are codriginous, .75 and 1.53 are conterminous ; 
-427 and .536 are similar. 


Nore. — Some authorities use the word similar to designate ropetends which begin at 
the same place, and like to designate those which begin and end at the same place; but 
the classification into codriginous, conterminous, and similar, as defined above, is more 
logical. 
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299. A Pure Circulating Decimal is one which contains no 
figures but the repetend; as .7, or .70+4. 

300. A Mixed Circulating Decimal is one which contains other 
figures, called jinite places, before the repetend; as .d54, or 
.013245, in which .5 and .01 are the finite places. 


PROPERTIES OF FINITE AND CIRCULATING DECIMALS. 


801. The operations in circulating decimals depend upon 
the following principles: 


Note. — The cominon fractions referred to are understood to be proper fractions, in 
their lowest terms, 


Principtes.—I. Every fraction in tts lowest terms whose 
denominator contains no other prime factor than 2 or 5 will give 
rise to a finite decimal; and the number of decimal places will 
be equal to the greatest number of equal factors, 2 or 5, in the 
denominator. 


For, in the reduction, every cipher annexed to the numerator multi- 
plies it by 10, or introduces the two prime factors, 2 and 5, and also gives 
1 decimal place in the result. Hence the division will be exact when the 
number of ciphers annexed, or the number of decimal places obtained, 
shall be equal to the greatest number of equal factors, 2 or 5, to be can- 
celed from the denominator. 


Il. Lvery fraction whose denominator contains any other prime 
factor than 2 or 5, will give rise to an infinite or circulating 
decimal. 


For, annexing ciphers to the numerator introduces no other prime 
factors than 2 and 5; hence the numerator will never contain all the 
prime factors of the denominator. 


Il. The number of places in the repetend of a circulating 
decimal must be less than the number of units in the denominator 
of the common fraction. 


For, in every division, the number of possible remainders is limited to 
the number of units in the divisor, less 1; thus, in dividing by 7, the only 
possible remainders are 1, 2, 3, 4,5, and 6. Hence, in the reduction of a 
common fraction to a decimal, some of the remainders must repeat before 
the number of decimal places obtained equals the number of units in the 
denominator; and this will cause the intermediate quotient figures to 
repeat, 
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Nores.—1. A perfect repetend is one which consists of as many places, less 1, as 
there are units in the denominator of the equivalent fraction. 

2. If the denominator of a fraction contains neither of the factors 2 and 5, it will give 
rise to a pure repetend. But if a circulating decimal is derived from a fraction whose 
denominator contains cither of the factors 2 or 5, it will contain as many finite places as the 
greatest number of equal factors 2 or 5 in the denominator, 


IV. Jf to any number we annex as many ciphers as there are 
places in the number, or more, and divide the result by as many 
9s as the number of ciphers annexed, both the quotient and re-, 
mainder will be the same as the given number. 


For, if we take any number of two places, as 74, and annex two 
ciphers, the result divided by 100 will be equal to 74; thus, 7400 + 100 
=74. Now subtracting 1 from the divisor, 100, will add as many units 
to the quotient, 74, as the new divisor, 99, is contained times in 74 ($ 167, 
IL) ; thus, 7400 + 99 = 744 34, or 7434; that is, if two ciphers are an- 
nexed to 74, and the result is divided by 99, both quotient and remainder 
will be 74. In like manner, annexing three ciphers: to 74, and dividing by 
999, we have 74000 + 999 = 74,7; 5 and the same is true of any number 
whatever. 


V. Lvery pure circulating decimal is equal to a common frac- 
tion whose numerator is the repeating figure or figures, and whose 
denominator is as many 9’s as there are places in. the repetend. 


For, if we take any fraction whose denominator is expressed by some 
number of 9’s, as $4, then according to the last property, annexing two 
ciphers to the numerator, and reducing to a decimal, we have 34 = .2424 
Tn like manner, carrying the decimal two places farther, .2424 =.24243 

By the same principle, we have ?= 35 3% =.01; 
001; $34 = .324; and soon. And it is evident that all 
possible repe ends can thus be derived from fractions whose numerators 
are the repeating figures, and whose denominators are as many 9’s as 
there are repeating figures. 


gue 


Nor, —It follows from the last property, that any fraction from which a pure repe- 
tend can be derived is reducible to a form in which the denominator 1s some number of 


9's; thus yy = 9580083 sy=035. This is true of every fraction whose denominator termi- 
nates with 1, 8, 7, or 9. 


VI. A.common fraction whose denominator contains 2’s or 5's 
with other prime factors will give wa mixed circulating decimal and 
the number of places in the non-repeating or finite part will equal 
the greatest numoer of 2’s or 5’s in the denominator. 
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For dividing first by the 2’s and 5’s, we shall have a decimal numerator 
containing as many places as the greatest number of 2’s or 6’s (1). 
Dividing by any other factor will give rise to the repetend (II). Hence 
the two divisions will produce a mixed circulating decimal. pi ee 

70 2x5x7 
1; 


Dividing first by 2 x 5, or 10, we have + Dividing .1 by 7, we have the 


mixed circulate .0142857, which contains one finite place. 

VII. The number of repetend places will not exceed the number 
expressed by the product of all the prime factors of the denominator 
other than 2 or 5. 

For the factors 2 or 6 give rise to the finite part of the decimal and the 
other factors to the repetend. 

VIII. Any repetend may be reduced to another equivalent repe- 
tend, by expanding it, and moving either the second point, or both 
points, to the right; provided that in the result they are so placed 
as to include the same number of places as are contained in the 
given repetend, or some multiple of this number. 


For, in every such reduction, the new repetend and the given repe- 
tend, when expanded indefinitely, will give results which are identical. 
Thus, .636 = .536536, or .536536536, or .5365, or .53653, or .5365365, 
or .53653653653 ; because each of these new repetends, when expanded, 
gives .63653653653653653653 +. 


Nore. — If in any reduction, the new repetend should not contain the same number of 
places, or some multiple of the same number, as the given repetend, we should not have, in 
the expansions, the sare yigures repeated in the same order. 


REDUCTION. 


Examples. 


802. To reduce a pure circulating decimal to a common fraction. 


1. Reduce .675 to a common fraction. 

So.ution. — Since the repetend has 3 places, 

GALES we take for the denominator of the required 

675= $45=25 Ans. fraction the number expressed by three 9's 
(§ 301, V). 

Ruxe.— Omit the points and the decimal sign, and write the 
figures of the repetend for the numerator of a common fraction, 
and as many 9’s as there are places in the repetend for the de- 
nominator. 
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Reduce to common fractions or mixed numbers: 
$) AB. “a BIOs 9 6: 928076. 8.472: 10. 2.97. 
$2 266i 185 Ao ote DIL. 9. 2207. 11. 150: 
Nore. — According to § 801, VIII, 2.97 =2.972. 


803. To reduce a mixed circulating decimal to a common frac- 
tion. 


1. Reduce .0756 to a common fraction. 


OPERATION. SoxuTion. — Since .756 is equal to $34, 
0756 = is = puts Ans. -0756 will be yy of $$$, or difv’s = ri's- 


2. Reduce .647 to a common fraction. 


OPERATION, 

647 = -84. 427 Sotution. — Reducing the finite part and 
eae A BL the repetend separately to fractions, we have 
640 —64 . 7 P ee eee : 

SS oes tis + vio. ‘To reduce these fractions to a 


900 900 common denominator, we must multiply the 

640 — 64. + 7 terms of the first by 9; but the numerator, 

Gat OOO 64, may be multiplied by $ by annexing 1 

wird . cipher and subtracting 64 from the result, 
— 647 — 64 640 — 64 

900 giving ogni for the first fraction reduced. 

= hh Ans. The numerator of the sum of the two frac- 

Or, tions will therefore be 640 — 64+ 7 = 583, 


and supplying the common denominator, we 
have $33. In the second operation, the in- 
termediate steps are omitted. 


.647 given decimal. 
64 finite figures. 

583 ; $53 Ans. 
Rute.—I. From the given circulating decimal subtract the 

jinite part, and the remainder will be the required numerator. 


Il. Write as many 9’s as there are repetend places, with as 
many ciphers annexed as there are finite places, for the required 
denominator. 


Reduce to common fractions: 


3. .bT. 5. .6472. 7. .04648. 9. .9985714. 11. 7.0126. 
4. .048. 6. .6590. 8. 1004. 10. 5.27. 12. 2.029268. 
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304. To make two or more repetends similar. 
1. Make .47, 53675, and .37234 similar. 
OPERATION, Sortution. —The first of the 


ke ae app given repetends begins at the 
AT _ = ATATATATATATAT place of tenths, the second at 
53675 = .53675675675675 Ans. the place of thousandths, and 


37234 = .37234723472347 the third at the place of hun- 
: ae eee dredths; and as the points in 


any repetend cannot be moved 
to the left over the finite places, we can make the given repetends similar, 
only by moving the points of at least two of them to the right. 

Again, the first repetend has 2 places, the second 3 places, and the 
third 4 places; and the number of places in the new repetends must be 
at least 12, which is the least common multiple of 2,3,and 4. We there- 
fore expand the given repetends, and place the first point in each new 
repetend over the third place in the decimal, and the second point over 
the fourteenth, and thus render them similar. 


Rute. — I. Expand the repetends, and place the first point in 
each over the same order in the decimal. 


II. Place the second point so that cach new repetend shall con- 
tain as many places as there are units in the least common amul- 
tiple of the number of places in the several given repetends. 


Nores.—1. Since nono of the points can be carried to the left, some of them must be 
carried to the right, so that each repetend shall have at least as many finite places as the 
greatest number in any of the given repetends. 

2. Any finite decimal may be considered as a circulating decimal whose repetend is 0, 
and can be made similar to a circulating decimal by § 304. 


2. Make .43, .57, 4567, and .5037 similar. 
3. Make .578, .37, .2485, and .04 similar. 
4. Make 1.34, 4.56, and .341 similar. 

5. Make .5674, .34, .247, and .67 similar. 

6. Make 1,24, 0578, .4, and .4732147 similar. 

7. Make .7, .4567, .24, and .346789 similar. 

8. Make .8, .36, 4857, .34567, and .2784678943 similar. 
9. Make .578, .341, .4857, .4567, and 4732147 similar. 
10. Make .2485, .45, 341, and 1.34 similar, 
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ADDITION AND SUBTRACTION. 


305. The processes of adding and subtracting circulating 
decimals depend upon the following properties of repetends: 


Princretes. —I1. Jf two or more repetends are similar, their 
denominators will consist of the same number of 9’s, with the 
same number of ciphers annexed. 


Il. Similar repetends have the same denominators and conse- 
quently the same fractional unié. 
Examples, 
306. To add and subtract circulating decimals. 


1. Add .54, 3.24, and 2.785. 


OPERATION. Sorurron. — Since fractions can be added only 
il ey when they have the same fractional unit, we first 
Rea “make the repetends of the given decimals similar. 

3.24 = 3.24242 We then add as in finite decimals, observing, how- 


9785 = 2.78527 ever, that the 1 which we carry from the left-hand 
———— column of the repetends must also be added to the 
6.57214 right-hand column; for this would be required if the 

Ans, vepetends were further expanded before adding. 


2. From 7.4 take 2.7852. 

OPERATION, SoLurion. —Since one fraction can be subtracted from 
7.4444 another only when they have the saine fractional unit, we 
2.78n2 first make the repetends of the given decimals similar. We 

EhOUe, then subtract as in finite decimals ; observing that if both 
4.6591 Ans. repetends were expanded, the next figure in the subtrahend 

would be 8, and the next in the minuend 4; and the sub- 
traction in this form would require 1 to be carried to the 2, giving 1 for 
the right-hand figure in the remainder. rex 


Rurr.—I. When necessary, make the repetends similar. 

II. Toadd.— Proceed asin finite decimals, and remember to 
increase the sum of the right-hand column by as many units as 
are carried from the left-hand column of the repetends. 

Ill. To subtract. — Proceed as m finite decimals and diminish 
the right-hand figure of the remainder by 1, when the repetend 
in the subtrahend is greater than the repetend in the minuend. 

IV. Place the points in the result directly under those above. 
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Nore.— When the sum or difference is required in the form of a common fraction, 
proceed according to the rule, and reduce the result. 


Add: 

8, .5, 82, and .12. 7. From .432 take .25. 

4, .4387, 863, .21 and .3554. 8. From 7.24574 take 2.634. 
5. 2.4, .32, 567, and 7.056. 9. From .99 take .433. 

6. 4.638, 8.318, .016 and .45. vo. From .4 take .23. 


MULTIPLICATION AND DIVISION. 
Examples. 
307. To multiply and divide circulating decimals. 
1. Multiply 2.428571 by .063. 
OPERATION. 


2.498571 = 2428671 — 23 — 17 So.ution. — We first reduce the 


multiplicand and multiplier to their 


i ay =rh0 equivalent fractions and obtain 1,7 
a fe 154 Ans. and yf5; then 47x pf g= yyo=-1od. 
Ae OL, 
2. Divide .475 by.3753. 
OPERATION. Sotution. — The dividend re- 
is = duced to its equivalent common 
Soe fraction is 4§§, and the divisor 
3153 = $a3t reduced to its equivalent common 
443 x HG =1.26 Ans. fraction is $3$$; and 455 + 3358 
= 49 = 1.26: 
15 


Ruxe. — Reduce the given numbers to common fractions; then 
multiply or divide, and reduce the result to a decimal. 


3. Multiply 3.4 by .72. 9. Divide 428571 by .54. 
4. Multiply .0432 by 18. 10. Multiply .714285 by .27. 
5. Divide .154 by .2. 11. Multiply 3.456 by .425. 
6. Divide 4.5728 by .7. 12. Divide 9.17054 by 3.36. 
7. Multiply 4.37 by .27. 13. Multiply .0578 by .4. 


8. Divide 56.6 by 187. 14. Divide 4857 by .37. 


MEASURES — METRIC AND COMMON. 


~ 308. Measure is that by which extent, dimension, capacity, 
quantity of matter, or money value is ascertained, determined 
according to some fixed standard. 


Notr.—The process by which the extent, dimension, capacity, etc., 1s ascertained, is 
called measuring ; and consists in comparing the thing to be measured with some conven- 
tional standard or unit of measure. 


309. Measures are of seven kinds: 


1. Length. 5. Time. 

2. Surface or Area. 6. Angles. 

3. Volume or Capacity. 7. Money or Value. 
4. Weight, or Force of Gravity. 


The first three kinds may be properly divided into two classes, 
— Measures of Extension, and Measures of Capacity. 


310. A Table is a regular arrangement of the denominations 
used to express any measure, stating the number of units of 
each denomination equal to a unit of the next higher denomi- 
nation. 


GOVERNMENT STANDARDS OF MEASURES. 


311. The English, American, and French Governments, in 
establishing their standards of measures and weights, founded 
them upon unalterable principles or laws of nature, as will be 
seen by examining the several standards. 

Nore. —In early times, almost every province and chief city had its own measures and 
weights; but these were neither definite nor uniform. This variety in the weights and 


measures of different countries has always proved a serious embarrassment to commerce ; 
hence the many attempts that have been made in modern times to establish uniformity. 
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UNITED STATES STANDARDS. 


312. In the year 1834 the United States Government adopted 
a uniform standard of weights and measures, for the use of the 
customhouses and the other branches of business connected 
with the general government. Most of the states which have 
adopted any standards have taken those of the general govern- 
ment. The invariable standard writ from which all other stand- 
ard units of measure are derived is the Day. 


Astronomers have proved that the diurnal revolution of the earth is 
entirely uniform, always performing equal parts of a revolution on its 
axis in equal periods of duration. 

Having decided upon the invariable standard unit, a measure of this 
unit was sought that should in some manner be connected with extension 
as well as with this unit. A clock pendulum whose rod is of any given 
length, is found always to vibrate the same number of times in the same 
period of duration. From the day and the pendulum, the different stand- 
ards hereafter given were determined and adopted. 


Unitep Stares StanpDARD or EXTENSION. 


313. The United States standard unit of measures of extension, 
whether linear, superficial, or solid, is the yard of 3 feet, or 36 
inches, and is the same as the Imperial standard yard of Great 
Britain. 

It is determined as follows: The rod of a pendulum vibrating seconds 
of mean time, in the latitude of London, in a vacuum, at the level of the 
sea, is divided into 391393 equal parts, and 360000 of these parts are 
86 inches, or 1 standard yard. Hence, such a pendulum rod is 39.1393 


inches long, and the standard yard is 342999 of the length of the pendu- 
lum rod. 


Norz.—1. Its impracticable to reproduce the yard from the pendulum, and the prac- 
tical standard {s a metal rod at Washington, from which duplicates are furnished. 

2. The old British Bird’s standard yard of 1760 was found inadequate, and a new stand- 
ard was constructed. This was destroyed by fire in the burning of the houses of Parliament 
in 1834, and a new standard, reproduced by reference to all the former standards, was con- 
structed in 1844. ‘This was known as the British Imperial yard, 

8. Tho British Imperial yard is defined by Act of Parliament as the distance between 
the centers of two cylindrical holes in a certain bar of bronze when the m tal has a tempera- 
ture of 62° Fabrenhelt. 
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Unitrep States STANDARDS OF CAPACITY. 


314. The United States standard unit of liquid measure is the 
old English wine gallon, of 231 cubic inches, which is equal to 
8.33888 pounds avoirdupois of distilled water at its maximum 
density; that is, at the temperature of 39.83° Fahrenheit, the 
barometer being at 30 inches. 


815. The United States standard unit of dry measure is the 
British Winchester bushel, which is 18} inches in diameter 
and $ inches deep, and contains 2150.42 cubic inches, equal to 
77.6274 pounds avoirdupois of distilled water, at its maximum 
density. A gallon, dry measure, contains 268.8 cubic inches. 


Unirep Srares STANDARDS OF WEIGHT. 


316. It has been found that a given volume or quantity of 
distilled rain water at a given temperature always weighs the 
same. Jlence, a cubic inch of distilled rain water has been 
adopted as the standard of weight. 


317. The United States standard unit of weight is the Troy 
pound of the Mint, which is the same as the Imperial standard 
pound of Great Britain, and is determined as follows: A cubic 
inch of distilled water in a vacuum, weighed by brass weights, 
also in a vacuum, at a temperature of 62° Fahrenheit, is equal 
to 252.458 grains, of which the standard Troy pound contains 
5760. 


318. The United States Avoirdupois pound is determined 
from the standard Troy pound, and contains 7000 Troy grains. 
Hence, the Troy pound is $769 = 14+ of an avoirdupois pound. 
But the Troy ounce contains 5760 = "180 grains, and the avoir- 
dupois ounce 790° — 437.5 grains; and an ounce Troy is 
480 — 437.5 = 425 grains greater than an ounce avoirdupois. 
The pound, ounce, and grain, apothecaries’ weight, are the 
same as the like denominations in Troy weight, the only difter- 
ence in the two tables being in the divisions of the ounce, 
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Unitep States StanpARD Sets oF WEIGHTS AND MEASURES. 


819. A uniform set of weights and measures for all the 
states was approved by Congress, June 14, 1836, and fur- 
nished to the states in 1842. The set furnished consisted of: 

1. A yard. 4, A wine gallon and its subdivisions. 

2. A set of Troy weights. 5. A half bushel and its subdivisions. 

8. A set of avoirdupois weights. 

820. Each state furnishes standard sets of weights and 
measures to its counties and towns. A County Standard may 
consist of : 

1. A large balance, comprising a brass beam and scale dishes, with 
stand and lever. 

2. A small balance, with a drawer stand for small weights. 

8. A set of large brass weights, namely, 50, 25, 20, 16, and 5 lb. 

4. A set of small brass weights, avoirdupois, namely, 4, 2, and 1 Ib., 
8, 4, 2, 1, 4, }, 3, and yj; oz. 

5. A brass yard measure, graduated to feet and inches, and the first 
foot graduated to eighths of an inch, and also decimally ; with a graduation 
to cloth measure on the opposite side ; in a case. 

6. A set of liquid measures, made of copper, namely, 1 gal., } gal., 
1qt., 1 pt., } pt., 1 gi.; in a case. 

7. A set of dry measures, vf copper, namely } bu., 1 pk., 4 pk. (orl 
gal.), 2 qt. (or } gal.), 1 qt.; in a case. 


ENGLISH STANDARDS. 


321. The English act establishing standard measures and 
weights, called “The Act of Uniformity,” took effect Jan. 1, 
1826, and the standards then adopted form what is called the 
Imperial System. 


322. The invariable standard unit of this system is the 
same as that of the United States, and is described in the Act 
of Uniformity as follows: “Take a pendulum which will vibrate 
seconds in London, on a level of the sea, in a vacuum; divide 
all that part thereof which lies between the axis of suspension 
and the center of oscillation, into 391393 equal parts; then 
will 10000 of those parts be an imperial inch, 12 whereof make 
a foot, and 36 whereof make a yard.” 
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EneuisH STANDARD OF EXTENSION. 


$23. The English standard unit of measures of extension, 
whether linear, superficial, or solid, is identical with that of 
the United States ($ 313). 


Eneuisu STANDARDS oF CAPACITY. 


324. The Imperial standard gallon for liquids and all dry 
substances, is a measure that will contain 10 pounds avoirdu- 
pois weight of distilled water, weighed in air, at 62° Fahren- 
heit, the barometer at 30 inches. It contains 277.274 cubic 
inches. 


325. The Imperial standard bushel is equal to 8 gallons or 
80 pounds of distilled water, weighed in the manner above 
described. It contains 2218.192 cubic inches. 


Eneiisn StanpARDS OF WEIGHT. 


326. The Imperial standard pound is the pound Troy, which 
is identical with that of the United States Standard Troy pound 
of the mint (§ 317). 


327. The Imperial avoirdupois pound contains 7000 Troy 
grains, and the Troy pound 5760 grains. They are identical 
with the United States avoirdupois and Troy pounds. 


ENGLISH MEASURES. 


328. The denominations in the standard tables of measures 
of extension, capacity, and weights, are the same in Great 
Britain and the United States. But some denominations in 
several of the tables are in use in various parts of Great Britain 
that are not known in the United States. 

These denominations are retained in use by common consent, 
and are recognized by the English common law. They are as 
follows: 
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829. Measures oF EXTeEnsion. 


18 inches = 1 cubit. 
45 inches or } ici: 
5 quarters of the standard yard 


Nore.— The cubit was originally the length of a man’s forearm and hand; or the 
distance from the elbow to the end of the middle finger, 


330. Measures or Capacity. 
LIQUID MEASURE. 
9 old ale gallons = 1 firkin. 
4 firkins = 1 barrel of beer. 
7} Imperial“ = | firkin. 
52} Imperial gallons or = 1 hogshead. 
63 wine ct 
70 Imperial gallons on = 1 puncheon or 
84 wine = } of a tun. 
2 hogsheads, that is 
105 Imperial gallons or} = 1 pipe. 
126 wine Mi 
2 pipes = 1 tun. 


Pipes of wine are of different capacities, as follows: 


110 wine gallons = 1 pipe of Madeira. 
{ Barcelona, 


20 « we =~] ¢ Vidonia, or 


Teneriffe. 
130 ¢ “= =e Sherry. 
138 * cml Lace Port. 
140 « a Sara Bucellas, or 
Lisbon. 
331. DRY MEASURE. 
8 bushels of 70 pounds each = 1 quarter of wheat. 
86 ‘ heaped measure, = 1 chaldron of coal. 
Nore. —The quarter of wheat {s 560 pounds, or } of a ton of 2240 pounds. 
332. WEIGHTs. 
8 pounds of butchers’ ineat = 1 stone. 
14 other commodities=1 ‘ or lof acwt. 
2 stone, or 28 pounds = 1 todd of wool. 
70 pounds of salt = 1 bushel. 


Nore. —The English quarter is 23 pounds, the hundredwelght is 112 pounds, and tho 
ton {s 20 hundredweight, or 2240 pounds. 
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FRENCH MEASURES.— THE METRIC SYSTEM. 


333. The tables of standard measures and weights adopted 
by the French Government constitute what is called the 
French Metric System. 


Nore. —The Metric System was adopted in France in 1795; its use was authorized in 
Great Britain in 1864; and in 1866, Congress authorized it to be used in the United States, 
It is in general use by scientific men throughout the world, 


334. The Metric System of weights and measures is based 
upon the Decimal Scale. 


The Meter is the base of the system, and is the one ten-millionth part 
of the distance on the earth’s surface from the equator to either pole, or 
89.37079 inches. From the meter are made the following units: land 
or square measure, Are and Square Meter; wood or cubic measure, Stere 
and Cubic Meter; capacity, Liter; weight, Gram. These constitute the 
primary units of the system, from which dll the others are derived. 

The Multiple Units, or higher denominations, are named by prefixing 
to the name of the primary units the Greek numerals, deca (10), hecto 
(100), &éio (1000), and myria (10000). The Submultiple Units, or lower 
denominations, are named by prefixing the Latin numerals, deci (5), 
centi (hy), milli (¢e55)- By adding these prefixes to the standard units 
all the metrical tables are formed. 

Hence, it is apparent from the name of a unit whether it is greater or 
less than the standard unit, and also how many times. 


335. The following comparison of our ordinary decimal no- 
tation and the metric notation shows them to be the same: 


Norrs,—1, The principal point of superiority of the metric 


3 _ tables is their decimal scale. By means of the decimal point 
$a. ¢ £ several denominations may be written together as one number, 
me 3 i % 2 asinordinary notation, anda change to higher or lower denomi- 
© $5 ;2 gS g __ nations is offected by simply moving the decimal point to the 
s2sSs2 ES 3 left or right. . 

FrFIFD ££ 2. One disadvantage in the use of the metric system lies 
44444.4 44 in the fact that with us the other denominations aro in such 
a = o common use that it would require a careful study and compari- 
2sesc 2 2 = son of the two systoms, on the part of the people at large, to 
= ed roa S 3 SE make the use of the metric system practicable. Again, some of 


the units, while well adapted to the social and industrial condi- 
tions of France and other European countries, would not be convenient for use here. For 
instance, the ave, the unit of land measure, is yy of an acre. While this suits the peasant 
farms of France very well, {t would be absurdly small for a farm in the United States. 

8. The metric system is now used in France, Netherlands, Spain, Italy, Greece, Austria, 
Germany, Norway, Sweden, Switzerland, Portugal, Mexico, Brazil, Venezuela, Argentine 
Republic, Haiti, and other states; and to some oxtent in Great Britain, the United States, 
India, Canada, and Chile. 


> ee a 
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UNITED STATES MEASURES. 
Measures oF EXTENSION. 
836. Extension has three dimensions, — length, breadth, and 
thickness. 


A Line has only one dimension, —length. 
A Surface or Area has two dimensions, — length and breadth. 
A Solid or Body has three dimensions, — length, breadth, and thickness. 


LONG MEASURE. 

337. Long Measure, or Linear Measure, is used in measuring 
lines or distances. The wnit of linear measure is the Yard, 
and the table is made up of the divisors (feet and inches), and 
the multiples (rods, furlongs, and miles), of this unit. 


TABLE. 
12 inches (in.) = 1 foot (ft.). 
3 feet = 1 yard (yd.). 
bh yards, or 16} feet =1 rod (rd.). 
40 rods = 1 furlong (fur.). 


8 furlongs, or 320 rods = 1 statute mile (mi.). 


UNIT EQUIVALENTS. 


ft. in, 

yd. eS 12 

rd. WS 3 = 36 

fur. i bh = 16} = 198 

mi. Y= 40= 220 = 660 = 7920 
1 = 8 = 320 = 1760 = 5280 = 63360 


ScaLe —ascending, 12, 3, 51, 40, 8; descending, 8, 40, 5}, 3, 12. 


The following denominations are also in use: 


3 barleycorns = 1 inch. 
4 inches =1 hand. 
9 W) = 1 span. 
21.888 = 1 sacred cubit. 
6 feet = 1 fathom. 
3 Gi = 1 pace. 
5 paces = 1 rod. 
1.153 statute miles =1 geographic mile. 
A geographic ‘‘ = 1 league = 3.458 statute miles. 
ow oe 


= 1 degree of latitude on a meridian or of 
69.16 statute os longitude on the equator. 
3860 degrees = the circumference of the earth. 
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Nores.—1. For the purpose of measuring cloth and other goods sold by the yard, the 
yard {s divided into halves, fourths, elghths, and sixteenths, The old table of cloth measure 
is practically obsolete, 

2. The inch of 3 barleycorns {s used by shoemakers in measuring the length of the foot. 

8. The hand of four inches is used in measuring the height of horses directly over the 
fore feet. 

4. A span is the distance that can be reached, spanned, or measured between the end of 
the middle finger and the end of the thumb. Among sailors 8 spans are equal to ( fathom. 

5, The geographic mile is gy of gho. Or aro Of the distance round the center of the 
earth. It is a small fraction more than 1.15 statute miles. Itis also called a nautical mile. 

6. The length of a degree of latitude varies, belng 68.72 miles at the equator, 63.9 to 
69.05 miles in the middle latitudes, and 69.30 to 69.34 miles in the pola: regions. The mean 
or average length, as stated in the table, is the standard recently adopted by the U. 8. Coast 
Survey. A degree of longitude is greatest at the equator, where {t is 69.16 miles, and it 
gradually decreases toward the poles, where it is 0. 


METRIC LONG MEASURE. 


338. The Meter is the metric wnit of Length. It was intended 
to be yyyeleooe part of the distance from the equator to either 
pole, but it does not exactly correspond with that length. 


Nore. — In this and the following tables of the metric system the principal units are in 
capitals, while others in common use are in black type. 


TABLE. 
1 millimeter = .03937079 in. 
10 millimeters (™™) = 1 centimeter = .3937079 “* 
10 centimeters (°¢™) =1decimeter = 3.937079 ‘ 
= 39.37079 ae 
eci dm) = BTE 
10 decimeters (@™) =1 METER { Sy ee 
10 meters (™) =1decameter = 32.808992 ft. 
10 decameters (2™) = 1 hectometer = 19.927817 rd. 
10 hectometers (4™)=1 kilometer = .6213824 mi. 


10 kilometers (K™) =1 myriameter = 6.218824 “ 
Norr.—The measures chiefly used are the meter and kilometer, The meter, like the 
yard, is used in measuring cloth and short distances; the kilometer {s used in messuring 
long distances. 


UNIT EQUIVALENTS. 


em. mm. 

dm. 1= 10 

m. = 10:= 100 

Dm. 1= 10 = 100 = 1000 

Hm. 1= 10= 100= 1000= 10000 


xm. 1= 10= 100= 1000= 10000= 100000 
Mm. 1= 10= 100= 1000= 10000= 100000= 1000000 
1 = 10 = 100 = 1000 = 10000 = 100000 = 1000000 = 10000000 


ScaLe — uniformly 10. 
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SURVEYORS’ LONG MEASURE. 


339. The unit in Land Surveying is the Gunter’s Chain, 4 rods 
or 66 feet long, consisting of 100 links, and the table is made 
up of divisors and multiples of this unit. 


TABLE. 
7.92 inches (in.) = 1 link (1.). 
25 links = 1 rod (rd.). 
4 rods, or 66 feet = 1 chain (ch.). 
80 chains = 1 mile (mi.). 


UNIT EQUIVALENTS. 


1, in, 
rd. ce 7.92 
ch. eo) 108 
mi. l= = 100= 792 


1= 80 = 820 = 8000 = 63360 
Scate -- ascending, 7.92, 25, 4, 80; descending, 80, 4, 25, 7.92. 


Nore. —Distances are usually taken in chains and links. In measuring city lots a steed 
tape 5 ft. long is generally used, and the measure is expressed in feet and in tenths of a 
foot. An engineer's chain used by civil engineers is 100 ft. long and consists of 100 links, 


SQUARE MEASURE. 


340. A Square is a figure having four equal sides and four 
equal corners or right angles. 


341. Area or Superficies is the space or surface included 
within any given lines; as, the area of a square, of a board, etc. 
1 square yard is a figure haying four sides of 1 

> yard or 3 feet each, as shown in the diagram. Its 

L contents are 3 x 3=9 square feet. Hence, 
g 
7 


The contents or area of a square, or of any other 
Sigure having a uniform length and a uniform 
breadth, is found by multiplying the length by the breadth. 


8ft.=1yd. 


Thus, a square foot is 12 in. long and 12 in. wide, and the 
contents is 12x12=—144 sq. in. A floor 20 ft. long and 
10 ft. wide is a rectangle containing 20 x 10 = 200 sq. ft. 


Nore.—The measurements for computing area or surface are always taken in the 
denominations of linear measure. 
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342. Square Measure is used in computing areas or surfaces; 
as of land, boards, painting, ete. The unit is the area of a 
square whose side is the unit of length. Thus, the unit of 
square feet is 1 foot square; of square yards, 1 yard square, etc. 


TABLE. 


144 square inches (sq. in.) 
9 te “feet 

301 “yards 

160 “rods 


1 square foot (sq. ft.). 
1 ‘ yard (sq. yd.). 
1 rod (sq. rd.). 
1 acre (A.). 


nue uw uel 


640 acres 1 square mile (sq. mi.). 
UNIT EQUIVALENTS. 
sq. ft. sq. in. 
sq. yd. css 144 
8q. rd. l= 9 = 1296 
A. ve 304 = 272} = 39204 
sq.m. l= 160= 4840 = 43560 = 6272640 
1 = 640 = 102400 = 3097600 = 27878400 = 4014489600 


ScaLp — ascending, 144, 9, 304, 160, 640; descending, 640, 160, 30}, 
9, 144. 


Artificers estimate their work as follows: By the square foot — glazing 
and stonecutting. By the square yard— painting, plastering, paving, 
ceiling, and paper hanging. By the square of 100 square feet—flooring, 
partitioning, roofing, slating, and tiling. Bricklaying is estimated by the 
thousand bricks, by the square yard, and by the square of 100 square 
feet ; also sometimes in cubic feet. 

Nores.—1. In estimating the painting of moldings, cornices, ete., the measuring line 


is carried into all the moldings and cornices. 


2. In estimating bricklaying by either the square yard or the square of 100 square feet, 


the work is understood to bé 12 inches or 14 bricks thick. 


8. A thousand shingles are estimated to cover 1 square, being laid 5 inches to the 
weather. 


4. The terms perch or pole are sometimes used for square rod. 


METRIC SQUARE MEASURE. 


343. The Square Meter is the metric wnit for measuring 
ordinary Surfaces; as floorings, ceilings, etc. 


TABLE. 
100 sq. millimeters (s1™™) = 1 sq. centimeter 
100 sq. centimeters (*1°™) = 1 sq. decimeter 
100 sq. decimeters (#14) = 1 SQ. METER ("™) 


-155 + sq. in. 
15.5 + sq. in. 
1.196 + sq. yd. 
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METRIC LAND MEASURE. 

844. The Are is the metric unit of Land Measure, and is a 
square whose side is 10 meters, equal to a square decameter, or 
119.6 square yards. 

TABLE. 


lcentare (**) = 1 sq. meter = 1.196034 sq. yd. 
100 centares =1ARE = 119.6034 sy. yd. 
100 ares (*) = 1 hectare = 2.47114 acres. 
100 hectares (#*)=1sq. kilometer = _—.3861 sq. mi. 


Nore. —The square kilometer is used in measuring "ue areas of countries, seas, ete. 


UNIT EQUIVALENTS, 


Sq. cm. sq. mm. 

sq. dm. i= 100 

8q. m, or ca. i= 100= 10000 

a. = 100= 10000= 1000000 

Ha, 1= 100= 10000 = 1000000 = 100000000 


sq.Km. 1= 100= 10000= 1000000= 100000000= 10000000000 
1=100=10000 = 1000000 = 100000000 = 10000000000 = 1000000000000 


Scare —uniformly 100. 


SURVEYORS’ SQUARE MEASURE. 


345. Surveyors’ Square Measure is used by surveyors in com- 
puting the area or contents of land. 


TABLE. 
625 square links (sq. 1.) =1 pole (P.). 
16 poles = 1 square chain (sq. ch.), 
10 square chains =1 acre (A.). 
640 acres = 1 square mile (sq. mi.). 


86 square miles (6 miles square) = 1 township (Tp.). 


UNIT EQUIVALENTS. 


Vy sq. 1. 

gq. ch. oS 625 

NG i 16 = 10000 

8q. mi, i 10a 160 hea 100000 

Tp. i 640 = 6400 = 102400 = 64000000 
1 = 36 = 23040 = 230400 = 38686400 = 2304000000 


Scare —ascending, 625, 16, 10, 640, 36 ; descending, 36, 640, 10, 16, 625. 


Nore. —Canal and railroad engineers commonly use an engineers’ chain, which consists 
of 100 links, each 1 foot long. 
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UNITED STATES LAND MEASURE, 


346. The unit of Land Measure in the United States is the 
Acre. Measurements of land are commonly recorded in square 
miles, acres, and hundredths of an acre. se 


Government Lands are usually surveyed into rectangular tracts, 
bounded by lines conforming to the cardinal points of the compass. 

A Base Line on a parallel of latitude, and a Principal Meridian inter- 
secting it, are first established. Other lines are then run six miles apart, 
each way, as nearly as possible. The tracts thus formed are called 
Townships, and contain nearly 23040 acres. A line of townships extend- 
ing north and south is called a Range. The ranges are designated by 
their number east or west of the principal meridian. ‘The townships in 
each range are designated by their number north or south of the base line. 

Since the earth’s surface is convex, the principal meridians converge 
as they proceed northward. ‘This tends to throw the townships and 
sections out of square, and necessitates occasional lines of offset, called 
** correction lines.’ 

Townships are subdivided into Sections and sections into Half-Sec- 
tions, Quarter-Sections, Half-Quarter-Sections, Quarter-Quarter-Sections, 
and Lots. 


DiraGram No, 1, Diacram No, 2. 
A TOWNSIILP, A SEOTION, 


S.4 Section 
320 Acres 


s 


Diagram No. 1 shows tho subdivisions of a Township into Sections, and how they sre 
numbered, commencing at the N.E. corner. 

Diagram No. 2 shows the subdivisions of a Section, on an enlarged scale, and how they 
are named, 


TABLE. 
6 mi. x 6 mi. = 86 sq. mi. = 23040 acres = 1 Township. 
1s x1%¢=1 & = 640 “ =1 Section. 
Pe xe =F = 320 “ = 1 Half-Section: 
yx," =F © = 160 “ =1 Quarter-Section. 
gg xEe =] Ee & = 80 “* =1 Half-Quarter-Section. 
“Ewe KEM SY = 40 = 1 Quarter-Quarter-Section. 
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Norr.—A Lot is a subdivision of a section, usually of irregular form, on account of 
bordering upon a nayigable river or lake—containing as nearly as possible the area of a 
Quarter-Quarter-Section, and described as lot No. 1, 2, 3, etc., of a particular section. City 
and village plots are usually subdivided into Blocks, and these into smaller Lots. 


FRENCH LAND MEASURE. 


347. The old French Linear, or Land Measure, is still used 
to some extent in Louisiana, and in other French settlements 
in the United States. 


TABLE. 
12 lines =1 inch. 6 feet =1 toise. 
12 inches = 1 foot. 32 toises = 1 arpent. 
900 square toises = 1 square arpent. 
Nores.—1. The French foot equals nearly 12.8 American inches. 
2. The arpent, the old French name for aere, contains nearly § of our acre. 
SPANISH LAND MEASURE. 


348. Spanish Land Measures are still used in Texas, New 
Mexico, and other Spanish settlements of the U. 8. 
The unit of length is the Vara, equal in Texas to 33} inches, in Cali- 


fornia to 33 inches, and in Mexico to 32.9927 inches. 
Land is measured in square varas, labors, and square leagues. 


TABLE. 
1000000 square varas=1 labor = 177.136 acres (American). 
26 labors =1 league = 4428.4 acres oe 
1 acre = 6645.376 square varas. 


Nore.—The Spanish foot=11.11+in. (Am.); 1 vara =33} in. (Am.); 108 varas=190 
yards, and 1900.8 varas=1 mile. 


CUBIC MEASURE. 


849. A Cube is a solid, or body, having six equal square 
sides or faces. 


850. Solidity is the matter or space 
contained within the bounding sur- 
faces of a solid. 

The measurements for solidity are always 
taken in the denominations of linear meas- 
ure. If each side of a cubeis 1 yard, or 3 


feet, 1 foot in thickness of this cube will 
contain 8x 3 x 1=9 cubic feet; and the 


pAT= "U8 


8 ft.=1 yd. 
whole cube will contain 3 x 3 x 3 = 27 cubic feet. 


MEASURES OF EXTENSION. 191 


A solid, or body, may have the three dimensions all alike or all differ- 
ent. A body 4 feet long, 3 feet wide, and 2 feet thick contains 4 x3 x2 
= 24 cubic or solid feet. 


The cubic or solid contents of a body is the product of the 
length, breadth, and thickness. 


351. Cubic Measure, or Solid Measure, is used in computing 
the contents of solids, or bodies; as wood, stone, etc. The 
unit is the solidity of a cube whose side is the unit of length. 
Thus, the unit of cubic feet is a cube which measures 1 foct 
on each side; the unit of cubic yards is 1 cubic yard. 


TABLE, 

1728 cubic inches (cu. in.) = | cubic foot (cu. ft.). 
27 cubic feet = 1 cubic yard (cu. yd.). 
40 cubic feet of round timber, or) _ 

Bi se Piet | i = 1 ton or load (T.). 
16 cubic feet = 1 cord foot (cd. ft.). 


= 1 cord of wood (Cd.). 


ai perch of stone 
aa cS masonry } (Peh.). 


8 cord feet, ap 
128 cubic feet 


24% cubic feet 


Scate —ascending, 1728, 27. The other numbers are not in a regular 
scale, but are merely so many times 1 foot. The unit equivalents, being 
fractional, are omitted. 


Nores.—1. A cubic yard of earth is called a load. 

2. Railroad and transportation companies estimate light freight by the space it occupies 
in cubic fect, and heavy freight by weight. 

8. A pile of wood 8 feet long, 4 feet wide, and 4 feet high, contains 1 cord; and a cord 
foot is 1 foot in length of such a pile. 

4. A perch of stone or of masonry is 164 feet long, 14 feet wide, and 1 foot high. 

5. Joiners, bricklayers, and masons make an allowance for windows, doors, etc., of one 
half the openings or vacant spaces. Bricklayers and masons, in estimating their work by 
subic measure, make no allowance for the corners of the walls of houses, cellars, etc., but 

* estimate their work by the gir, that is, the entire length of the wall on the outside. 

6. Engineers, in making estimates for excavations and embankments, take the dimen- 
sions with a line or measure dlyided into feet and decimals of a foot. The computations are 
made in fect and decimals, and the results are reduced to cubic yards. In civil engineering, 
the cuble yard is the unit to which estimates for excavations and embankments are finally 
reduced, 

7. In sealing or measuring timber for shipping or freighting, 2 of the solid contents of 
round timber is deducted for waste in hewing or sawing. Thus, a log that will make 40 feet 
of hewn or sawed timber, actually contains 50 cubic fect by measurement; but its market 
yalue is only equal to 40 cubic feet of hewn or sawed timber. Hence, the cubic contents of 
40 feet of round and 50 feet of hewn timber, as estimated for market, are identical, 
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METRIC CUBIC MEASURE. 


352. The Cubic Meter is the metric wnit for measuring ordi 
nary Solids; as excavations, embankments, etc. 


TABLE. 


1000 cu. millimeters (¢™™) = 1cu. centimeter = .061 + cu. in. 
1000 cu. centimeters (Cem) =1cu. decimeter = 61.0264 “ 
1000 cu. decimeters (#4™) =1CU. METER = 35.516 + cu. ft. 
or 1.308 cu. yd 


UNIT EQUIVALENTS. 


cu. cin. cu, min, 

eu, dm LS 1000 

cu, m. a 1000 = 1000000 
1= 1000 = 1000000 = 1000000000 


Scare — uniformly 1000. 
METRIC WOOD MEASURES. 


358. The Stere is the wnit of Wood or Solid Measure, and is 
equal to a cubic meter, or .2759 cord. 


TABLE. 


1 decistere = 3.531 + cu. ft. 
1 STERE = 35.316 + cu. ft. 


10 decisteres (4st) 
1 decastere (P*) = 13.079 + cu. yd. 


10 steres (*) 


UNIT EQUIVALENTS. 


st. dst, 
Dst. 1= 10 
eet oe LOD: 


ScaLe—uniformly 10. 


Measures oF CAPACITY. 


354. Capacity signifies extent of room or space. 


Nore. —Measures of capacity are all cubic measures, solidity and capacity being referred 
to different units, as will be seen by'comparing the tables. Measures of capacity may be 
properly subdivided into two classes,—Measures of Liquids and Measures of Dry 


Substances. 
LIQUID MEASURE. 


855. Liquid Measure, also called Wine Measure, is used in 
measuring liquids. The wnit is the Gallon, and the table is 
wade up of its divisors and multiples. 
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TABLE 
4 gills (gi) = 1 pint (pt.). 
2 pints = 1 quart (qt.). 
4 quarts = 1 gallon (gal.). 
31} gallons = 1 barrel (bbl.). 


2 barrels, or 63 gal. = 1 hogshead (hhd.). 


UNIT EQUIVALENTS. 


pt. gi. 

qt. 1k} 4 

gal. t= 2: 8 

eee Sp a 
hha. 1= 31h = 126 = 252 = 1008 
1=2=63 = 252 = 604 = 2016 


; descending, 2, 31}, 4, 2, 4. 


, 


The following denominations are also in use: 


Scate —ascending, 4, 2, 4, 31 


36 gallons = 1 barrel of beer. 
54. ** ~~ or 1} barrels = 1 hogshead of beer. 
42 3 = | tierce. 

2 hogsheads, or 126 gallons = 1 pipe or butt. 

2 pipes, or 4 hogsheads = 1 tun. 


Norres.—1. The denominations, barrel and hogshead, are used in estimating the 


capacity of cisterns, reservoirs, vats, ete. 
2. The tierce, hogshead, pipe, butt, and tun are the names of casks, and do not express 


any fixed or definite measures. They are usually gauged and have their capacities in gal- 
lons marked on them. Several of these denominations are still in uso in England. 
8. Ale or beer measure, formerly used in measuring beer, ale, and milk is almost entirely 


discarded. 
DRY MEASURE. 
356. Dry Measure is used in measuring articles not liquid; 
as grain, fruit, salt, roots, ashes, ete. The unit is the Bushel, 
of which all the other denominations in the table are divisors. 


TABLE. 
2 pints (pt.) 1 quart (qt.). 


8 quarts = 1 peck (pk.). 
4 pecks = 1 bushel (bu.). 
UNIT EQUIVALENTS. 
qt. pt. 
pk. i yy 
bu. 1 = 8 = 16 
heh ee Gy 


Scare — ascending, 2, 8, 4; descending, 4, 8, 2. 
ROB. NEW HIGHER ar. —13 
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Notes. —1. In England, $ bu. of 70 Ib. each (used in measuring grain) are cailed a 
quarter. The weight of the English quarter is 3 of a long ton. 

2, Grain and some other commodities are sold by even full or stricken measure, end 
in such cases the ‘‘measure is to be stricken with a round stick or roller, straight, and of 
the same diameter from end to end."” 

8, Coal, ashes, mar], manure, corn in the ear, fruit and roots are sold by heap measure, 
Tho bushel, heap measure, is the Winchester bushel heaped in the form of a cone, which 
cone must be 194 inches in diameter (= to the outside diameter of the standard bushel 
measure), and at least 6 inches high. A bushel, heap measure, contains 2747.7167 cubic 
inches, or 597.2967 cubic inthes more than a bushel stricken measure. Since 1 peck con- 
tains 24824 = 537.605 cubic inches, the bushel, heap measure, contains 59.6917 cubic inches 
more than Specks. As this is about 1 bu. 1 pk. 12 pt., it is sufficiently accurate in practice, 
to call 5 pecks stricken measure a heaped bushel. 

4. A standard bushel, stricken measure, is commonly estimated at 2150.42 cubic inches. 
The old English standard bushel from which the United States standard bushel was derived, 
was kept at Winchester, England ; hence the name. 

5. The wine and dry measures of the same denomination are of different capacities. 
The exact and the relative size of each may be seen by the following table. 


357. COMPARATIVE TABLE OF MEASURES OF CAPACITY. 


Cubic in, in Cubie in. In Cubic in. in Cubie in, in 

one gallon. one quart. one pint, one gill. 
Liquid measure..... 231 574 287 Ty 
Dry measure (} pk.) . - 268% 674 33% 84 


Nore. —The beer gallon of 282 inches is retained in use only by custom. 


EQUIVALENTS, 


281 cu. in. = 1 gal. 
2160.42 cu. in. = 1 bu. 
4 bu. = 5 cu. ft. (nearly). 
4 heaped bu. = 5 stricken bu. 
73 gal. = 1 cu. ft. (nearly). 
7 cu. ft. corn in ear = 3 bu. shelled corn. 


METRIC CAPACITY. 


358. The Liter is the metric wnit of Capacity, both of Liquid 
and of Dry Measures, and is a vessel whose volume is equal to 
a cube whose edge is one tenth of a meter, equal to 1.05673 qt. 
Liquid Measure, and .9081 qt. Dry Measure. 


TABLE. 


10 milliliters (™!) = 1 centiliter. 

10 centiliters (*!) = 1 deciliter. 

10 deciliters (41) = 1 LITER 

10 liters (') = 1 decaliter. 

10 decaliters (P!) = 1 hectoliter. 

10 hectoliters (1!) = 1 kiloliter, or stere. 
10 kiloliters (1) = 1 myrialiter (™), 
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UNIT EQUIVALENTS. 
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cl. ml. 

dl. AS 10 

1 i= 10 = 100 

Di. ic 10 = 100 = 1000 

Ml. 10 = 100 = 1000 = 10000 

Kl. 1 100 = 1000= 10000= 100000 


1 10000 = 100000 = 1000000 
10000 = 100000 = 1000000 = 10000000 


ies 
=— LO 
Mi. = 10 100 
1= 10 = 100 = 1000 = 
Scave — uniformly 10. 

Nore. — The measures commonly used are the liter and hectoliter, The liter is very 


nearly a quart; it is used in measuring milk, wine, ete., in moderate quantities. The hec- 
toliter is about 2 bu. 34 pk.; it is used in measuring grain, fruit, roots, etc., in large 


quantities. 


359. 

Metric 
Denominations. 
1 milliliter 
1 centiliter 
1 deciliter 
1 LITER 
1 decaliter 
1 hectoliter 
1 kiloliter 
1 myrialiter 


EQUIVALENTS IN 


Cubic Measure. 


centimeter 
centimeters 
decimeter 

1 cu. decimeter 
10 cu. decimeters 
y's cubic meter 

1 cubic meter 
10 cubic meters 


1 cu. 
10 cu. 
py cu. 


UNITED STATES MEASURES. 


Hou we tl 


oil tl 


Dry Measure. 


-061 cu, in, 
-6102 cu. in. 
6.1022 cu. in. 
-908 quart 
9.08 quarts 
2.8372+ bu. 


Il 


Wout 


Wine Measure, 


-27 fluid dr. 

.338 fluid oz. 
-845 gill. 
1.0567 qt. 
2.6417 gal. 
26.417 gal. 
264.17 gal. 
2641.74 gal. 


Merasurts oF WEIGHT. 


360. Weight is the measure of the quantity of matter a body 
contains, determined by the force of gravity. 


Note. —'The process by which the quantity of matter or the force of gravity is obtained 
is called weighing ; and consists in comparing the thing to be weighed with some conyen- 
tional standard. 


Three scales of weight are used in the United States; namely, 
Troy, avoirdupois, and apothecaries’. 


Nores.—1. The term avoirdupois is derived from the French, avoir du potds, to 
have weight. The term Troy is derived from Troyes, the name of a town in France, where 
the weight was first used in Europe. 

2. Pound is from the Latin pendo, bend, or weigh. Ounce is from the Latin uncia, 
a twelfth, the ounce being a twelfth of a pound. Pennyweight derives its name from the 
fact that it was tho weight of an old English penny. The grain of wheat was formerly the 
standard of all weights in England. 


Ae pe 
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TROY WEIGHT. 

361. Troy Weight is used in weighing gold, silver, and 

jewels; in philosophical experiments, and generally where 

great accuracy is required. The writ is the Pound, and of this 
all the other denominations in the table are divisors. 


TABLE. 


24 grains (gr.) = 1 pennyweight (pwt. or dwt.). 
20 pennyweights = 1 ounce (0z.). 


12 ounces = 1 pound (Ib.). 
UNIT EQUIVALENTS. 

pwt. gr. 

02. l= 24 

Tb 1s 20)== 480) 

1 = 12 = 240 = 5760 


ScaLe — ascending, 24, 20, 12; descending, 12, 20, 24. 


Notes, —1. Troy weight is sometimes called goldsmiths’ weight. 

2. In weighing diamonds, pearls, and other jewels, the unit commonly employed is the 
carat, equal to4 carat grains or 3.168 Troy grains. The term caratis also used to express the 
number of parts in 24 that are pure gold. ‘Thus gold that is 12 carats fine is 4 pure gold 
and 43 alloy. 


AVOIRDUPOIS WEIGHT. 

362. Avoirdupois Weight is used for all the ordinary pur- 

poses of weighing. The wnit is the Pound, and the table is 
made up of its divisors and multiples. 


TABLE. 
16 drams (dr.) = 1 ounce (0z.). 
16 ounces = 1 pound (Ib.). 
100 pounds = 1 hundredweight (cwt.). 


20 cwt., or 2000 lb. = 1 ton (T.). 


UNIT EQUIVALENTS. 


07, dr. 
Ib. 1= 16 
ewt. L= 16= 256 


7™  1= 100= 1600 25600 
1 = 20 = 2000 = 32000 = 512000 


Scare — ascending, 16, 16, 100, 20; descending, 20, 100, 16, 16. 


Nore. —The long or gross ton, hundredweight, and quarter were formerly in common 
use; but they are now seldom used, except in estimating English goods at the U. 8. custom 
houses, in freighting and wholesaling coal frou the Pennsylyania mines, and in the wholesale 
iron and plaster trade, 
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LONG TON TABLE. 


16 ounces (0z.) = 1 pound. 
28 pounds = 1 quarter (qr.). 

4qr. = 112 lb. =1 hundredweight (cwt.). 
20 cwt. = 2240 lb. = 1 ton (T.). 


ScaLe — ascending, 28, 4, 20; descending, 20, 4, 28. 


The following denominations are also in use: 
14 pounds = 1 stone. 


100 “butter = 1 firkin. 
100 ‘ — grain or flour = 1 cental. 
100 «6 ~ = dry fish = 1 quintal. 
r 100 ** ~~ nails = 1 keg. 
196 =6©* ~— flour = 1 barrel. 
200 ‘© pork or beef = 1 barrel. 


280 ‘salt at N.Y. S. Works = 1 barrel. 
56 ‘salt at N.Y. S. Works = 1 bushel. 
240 ‘* lime = 1 cask. 
363. The number of avoirdupois pounds ina bushel, as fixed 
by statute, varies in different states and with different articles, 
The following are the weights established in most of the states: 


TABLE OF AVOIRDUPOIS POUNDS IN BUSHELS. 


ee 
3 = é 5 Z s 3 
Commopities. e z2 Commopitigs. Bz sa 
z 2s #2 #5 
FADDIGS)sieteet =< oN BOD 44-67) air’ Speer. 8 ll 
Apples, dried ...| 24 22-28 Hemp seed ... .| 44 | No excep. 
LEM EYS sto mete ee 48 46-50 Hungarian seed . . | 50 48 
Beans, castor ...| 46 45-62 Malt, barley... .| 38 30-35 
Beans, white .. .| 60 62 Millet seed ....| 50 48 
Bluegrass seed. . . | 14 |No excep.| Oats ........ | 82 26-36 
IBYANia) 00) clc o's, 01 | 202) NOLOXxcep.|| Onions’... lene ele) a LOU 48-56 
Buckwheat ....j| 652] 40-56 | Pease .......]| 60 | No excep. 
Clover seed ....| 60 62-64 Potatoes, Irish . .| 60 56 


Cornssear: <<. <7 | 20 54-72 | Potatoes, sweet . .| 55 46-60 
Corn, shelled .. .| 56 62 UVG 6 6 obo 0)| 54-60 
Corn meal..... 50 46-48 | Timothy seed .. .| 45 42-60 
Cotton seed ....| 82 28-40 | Turnips ...... 55 42-60 
Flaxseed. ..... 56 | 55 WATEANG SS coe 6 60 | No excep. 


ee 
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APOTHECARIES’ WEIGHT. 


364. Apothecaries’ Weight is used by apothecaries and phy- 
sicians in weighing medicines for prescriptions; but medicines 
are bought and sold by avoirdupois weight. ‘The wnit is the 
Pound, of which the other denominations are divisors. 


TABLE. 

20 grains (gr.) = 1 scruple (sc. or D). 
8 scruples =1 dram (dr. or 3). 
8 drams = 1 ounce (oz. or 3). 

12 ounces = 1 pound (Ib. or Ib). 


ONIT EQUIVALENTS. 


se. gr. 
dr. i= 20 

oz. oe — OO, 

Ib. i= Ou) 6 242— 91480 
1 = 12 = 96 = 288 = 5760 


Scare — ascending, 20, 3, 8, 12; descending, 12, 8, 3, 20. 
APOTHECARIES’ FLUID MEASURE. 
365. The measures for fluids, used in compounding medicines, 
and putting them up for market, are as follows: 
TABLE. 


60 minims (Mm) = 1 fluidrachm (f3). 
8 fluidrachms = 1 fluidounce (f3). 
16 fluidounces =1 pint (O). 


8 pints = 1 gallon (Cong.). 
UNIT EQUIVALENTS. 
13 m™ 
£3 a 60 
0. SS sa 480 
Cong. Oe — 128 = # £7680 
iia 128, — 2048 = 61440 


Soave —ascending, 60, 8, 16, 8; descending, 8, 16, 8, 60. 


COMPARATIVE TABLE OF WEIGHTS. 


Troy. Avoirdupois. Apoth, 
1 pound = 5760 gr. = 7000 gr. = 5760 gr. 
lounce = 480 gr. = 487.5 gr. 480 gr. 

175 lh. = 144 lb. 175 lb, 


MEASURES OF WEIGHT. 199 


METRIC WEIGHT. 


366. The Gram is the metric writ of Weight, and is equal to 
the weight of a cube of distilled water, the edge of which is 
one hundredth of a meter, equal to 15.432 Troy grains. 


TABLE. 


10 milligrams (8) = 1 centigram = -15432 + gr. Troy. 
10 centigrams (°) = 1 decigram = 1.648244 “« %& 
10 decigrams (48) =1GRAM = 15.482484+ “« «& 
10 grams (%) = 1 decagram = -35273 + oz. Avoir. 
10 decagrams (Ps) = 1 hectogram = o.02700) eee 
10 hectograms (Hs) = 1 kilogram, = 2.20462+1b. * 
10 kilograms (¥s) =1myriagram = 22.046214 “ & 
10 myriagrams (Me) = 1 quintal = 220.462124+ “ 
10 quintals =a eee =2204.62128 « « 
or ton 
UNIT EQUIVALENTS. 
cg. mg. 
dg. = 10 
£. = 10 = 100 
De. 1= 10= 100 = 1000 
He. 1= 10= 100 = 1000 = 10000 
Keg. T= 110= 100= 1000=  10000= 100000 
Mg. 1= W= 10= 1000= 10000= 100000= 1000000 


Q. 1= 10= 100= 1000= 10000= 100000= 1000000 = 10000000 
mm. 1= W= 100 1000= 10000= 100000 = 1000000 = 10000000 = 100000000 
= 10 = 100 = 1000 = 10000 = 100000 = 1000000 = 10000000 = 100000000 = 1000000000 


ScaLte — uniformly 10. 
Notr. —The gram is used in mixing medicines, in weighing the precious metals, and 
whenever great exactness is required. The kilogram, or Kilo is the usual weight for groceries 


and coarse articles generally; it is very nearly 2} pounds avoirdupois. The tonneau is 
used for weighing hay and other heavy articles; it is about 204 Ib. more than our ton. 


EQUIVALENTS. 


367. Units of the Common System may be readily changed 
to units of the Metric System by the aid of the following table: 


TABLE. 
Linch = 2.54 centimeters, 1 eu, inch = 16.39 cu. centimeters, 
1 foot = 80.48 centimeters. 1cu, foot = 28320 cu. centimeters, 
lyard =.9144 meter. leu. yard =.7646 cu. meter. 
lrod = 5,029 meters, 1 cord 3.625 steres. 
1 mile = 1.6093 kilometers, 1 fl. ounce = 2.958 centiliters. 
1 sq. inch = 6.4525 sq. centimeters. gallon =38.786 liters. 
1 sq. foot =929 sq. centimeters. 1 bushel = .35242 hectoliter. 
1sq. yd. =.8361 sq. meter. 1 Troy gr. = 64.8 milligrams, 
1 sq. rod = 25.29 centares. 1 Troy lb. =.373 kilo. 
lacre =40.4T ares. lay. lb. = .4536 kilo. 


1 sq. mile = 259 hectares = 2.59 sq,Kin, 1 ton = .907 tonneau, 
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Monry AND CURRENCIES. 


868. Money is the commodity adopted to serve as the uni- 
yersal equivalent or measure of value of all other commodities, 
and for which individuals readily exchange their surplus prod- 
ucts or their services. 


Coin is metal struck, stamped, or pressed with a die, to give it a legal, 
fixed value, for the purpose of circulating as money. ‘The coins of ciyi- 
lized nations consist of gold, silver, copper, nickel, and bronze. 

A Mint is a place in which the coin of a country or government is 
manufactured. In all civilized countries mints and coinage are under the 
exclusive direction and control of government. 

An Alloy is a metal compounded with another metal of greater 
yalue, In coinage, the less valuable or baser metal is not reckoned of any 
value. 

Nore. — Gold and silver, in their pure state, are too soft and flexible for coinage ; hence 


they are hardened by compounding them with an alloy of basor metal, while their color and 
other yaluable qualities are not materially impaired. 


An Assayer is a person who determines the composition and conse- 
quent value of alloyed gold and silver. 

The fineness of gold is estimated by carats, as follows: 

Any mass or quantity of gold, either pure or alloyed, is divided into 
24 equal parts, and each part is called a carat. 

Fine gold is pure, and is 24 carats fine. 

Alloyed gold is as many carats fine as it contains parts in 24 of fine or 
pure gold. Thus, gold 20 carats fine contains 20 parts or carats of fine 
gold, and 4 parts or carats of alloy. 

An Ingot is a small mass or bar of gold or silver, intended either for 
coinage or exportation. Ingots for exportation usually have the assayer’s 
or mint value stamped upon them. 

Bullion is uncoined gold or silver. 

Bank Bills or Bank Notes are bills or notes issued by a banking com- 
pany, and are payable to the bearer in gold or silver, at the bank, on 
demand. They are substitutes for coin, but are not legal tender in pay- 
ment of debts or other obligations. 

Treasury Notes are notes issued by the general government, and are 
payable to the bearer, on demand, 

Currency is coin, bank bills, treasury notes, and other substitutes for 
money, employed in trade and commerce, 

A Circulating Medium is the currency or money of a country or 
government. 

A Decimal Currency is a currency whose denominations increase and 
decrease according to the decimal scale. 
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UNITED STATES MONEY. 


869. The currency of the United States is decimal, and is 
sometimes called Mederal Money. The unit is the Dollar, and all 
the other denominations are divisors or multiples of it. 


TABLE. 

10 mills (m.) = 1 cent (ct.). 
10 cents = 1 dime (d.). 
10 dimes = 1 dollar ($). 
10 dollars = 1 eagle (E.). 

UNIT EQUIVALENTS. 
ct. m, 
a. L= 10 
$ fe LO ae LOG 
Er. 1= 10= 100= 1000 
1 = 10 = 100 = 1000 = 10000 


ScaLte — uniformly 10. 


Nore. — Federal Money was adopted by Congress in 1786. The character $ 1s supposed 
to be a contraction of U. S. (United States), the U being placed upon the S. 


The coins of the United States with their weight and fineness as estab- 
lished by the coinage acts in force June 30, 1893, are as follows: 


Coins. Weight. Fineness. 
Double Eagle (gold) . . . . 616 grains -900 
Magles(Pold)) «6, (2 fa.) aime: sj e200 cc -900 
Half Eagle (gold) . . . .. 120 * -900 
Quarter Eagle (gold). . . . 645 “ -900 
Silver Dollar (silver). . . . 412.5 -900 
Half Dollar (silver) . . . . 192.9 * -900 
Quarter Dollar (silver) . . . 96.45 ‘ -900 
Mime\(silver) =. 2 2 . - « 8d.4 1 -900 


-75 copper, 
-25 nickel. 
-95 copper, 
.05 tin and zine. 


Nores. — The double eagle = $20, the eagle $10, and the half eagle $5. Bank bills are 
issued in denominations of $1, $2, $5, $10, $20, $50, $100, $500, and $1000. 


Five-cent piece (nickel). . . 77.16 ‘ 


One-cent piece (bronze) . . 48“ 


CANADA MONEY. 


370. The currency of the Dominion of Canada is decimal, and 
the table and denominations are the same as those of the 
United States money. 


Nore. — The currency of the whole Dominion of Canada was made uniform July 1, 1871. 
Before the adoption of the decimal system, pounds, shillings, and pence were used. 
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Coins. —The gold coins used in Canada are the British sovereign, 
worth $ 4.8665, and the half-sovereign. 

The bronze coin is the cent. 

The silver coins are the 50-cent piece, 25-cent piece, 10-cent piece, and 
6-cent piece. The 20-cent piece is no longer coined. 

The intrinsic value of the 50-cent piece in United States money is about 
46.2 cents ; of the 25-cent piece, 23.1 cents; of the 10-cent piece $ .092 ; of 
the 5-cent piece § .046 and of the l-cent piece $.01. In ordinary business 
transactions Canadian coins pass the same as United States coins of the 
same denomination. 

Government Standard. ‘The silver coins consist of 925 parts (.925) 
pure silyer and 75 parts (.075) copper. ‘That is, they are 926 fine. 


ENGLISH MONEY. 


$71. English or Sterling Money is the currency of Great 
Britain. The wnit is the Pound Sterling, and all the other 
denominations are divisors of this unit. 


TABLE. 

U.S, Value. 
4 farthings (far. or qr.) = 1 penny (d.) = $ 0.0202. 
12 pence = 1 shilling (s.) = §$ 0.2433. 
20 shillings = 1 pound or sovereign (£ or soy.) = $4.8666, 

UNIT EQUIVALENTS. 

d. far. 

8. a» Zh 


Borsovy. l= 12= 48 
1 = 20 = 240 = 960 
Scare —ascending, 4, 12, 20; descending, 20, 12, 4. 
Nores.—1. Farthings are generally expressed as fractions of a penny; thus, 1 far., 
sometimes called 1 quarter (qr.) =4d.; 3 far. = 3d. 
2. The old /, the original abbreviation for shillings, was formerly written between shil- 
lings and pence, and d., the abbreviation for pence, was omitted. Thus, 29. 6¢. was written 


2/6. A straight line is now used in place of the /, and shillings are written on the left of it 
and pence on the right. Thus, 2/6, 10/3, ete. 


Coins. —The gold coins are the sovereign and the half-sovereign. 

The silver coins are the crown (= 5s.=$1.216), the half-crown (= 2s. 
6d, = $.608), the florin (=2s. = $.486), the shilling, the sixpence, the 
fourpence, and the threepence. 

The copper coins are the penny (= $.02), the half-penny, and the 
farthing. 

Nore. —The guinea (=21s.=$5.11) and the half-guinea (=10s. 6d. sterling = $ 2.555) 
are old gold coins, and are no longer coined. 

Government Standard. The standard fineness of English gold coin is 
1] parts pure gold and 1 part alloy; that is, it is 22 carats fine. ‘The 
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standard fineness of silver coin is 11 oz. 2 pwt. (= 11.1 oz.) pure silver 
to 18 pwt. (= .9 oz.) alloy. Hence the silver coins are 11 oz. 2 pwt. fine; 
that is, 11 oz. 2 pwt. pure silver in 1 1b. standard silver. This standard is 
87 parts (}§ = -925) pure silver and 3 parts (4; = .075) copper. 


Norr. —A pound of English standard gold is equalin value to 14.2878 Ib. =14 lb. 3 02. 
9 pwt. 1.727 gr. of silver. 


FRENCIL MONEY. 
372. The currency of France is decimal currency. The wnit 
is the Franc, of which the other denominations are divisors. 


TABLE. 
10 millimes = | centime = $ .00193, 
100 centimes=1 france =§$.193. 


Scar — uniformly 10. 


Coins. — The gold coins are the 40-, 20-, 10-, and 5-franc pieces. 
The silver coins are the 5-, 2-, and 1-franc, the 60- and 20-centime pieces. 
The bronze coins are the 10-, 5-, 2-, and 1-centime pieces. 

GERMAN MONEY. 


373. The currency of Germany is decimal, the wnit being 
the Reichsmark or Mark. 


TABLE. 


100 pfennigs = 1 mark = $ .2385. 


Corns. — The gold coins are the 20-, 10-, and 5-mark pieces. 

The silver coins are the 2-mark and 1-mark, and the 20-pfennig pieces. 

The nickel coins ave the 10-pfennig and 5-pfennig pieces, and the copper 
coins are the 2-pfennig and 1-pfennig pieces. 


374. COMPARATIVE TABLE OF MONEYS. 
English. U.S. French, U. 8. 
1 penny (d.) = $0.0202 + 1 centime (ct.) = $0.00193. 
1 shilling (s.) = .2433 + 1decime (de.) = 0.0193. 
1 florin (fl.) = .4866 + 1 franc (fr.) = .193. 
lsovereign (sov.) = 4.8665 German, 
1 mark (mk.) = 0.2385. 


875. The Act of 1873, provides that the value of foreign 
coin, as expressed in United States money, shall be that of the 
pure metal of such coin of standard value. ‘The following 
table is taken from the estimate made by the Director of the 
Mint, July 1, 1895: 
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VALUES OF FOREIGN COINS. 


Country, Standard. Monetary unit. 


Argentine Republic.. -| Gold and silver.......... PGE0..seicnccssesicestins a 


Austria-Hungary .. 


Gold and silver 
Silver 


-| Gold Milreis 


Newfoundland). 
Central Amer. States — 
Costa Rica..... 
Gustemala..... 


Silver...ccceccccessceses 


Gold and silver.......... 


Shanghai... 
Hatkwan 
GhiDA Wrecetedederinecescccsecscccees| SLVEDs succes Antpcephnoe. Taelsciccae 4 (Customs). 

F teres . 


Chefoo. 


Suc 
Pouad (100 piasters).... 


Mark... 


«| Gold 


Gold and silver -| Franc. i 
German “Empire Gold... ..| Mark... ~ 
Great Britain . Gold... ..| Pound sterling : 
Gold and si -| Drachma ... 5 


Gold and sily cs 
...| Silver... 
|| Gold and silver. 


.| Gold and silver? 


.| Florin ....+-..++ 5 
Dollar .. 
Crown 


-| Gold and silver. Peseta 
+] Gold..........- .| Crown. 
-| Gold and silver. -| Franc.. 
Silver...... Mahbub: of 20 ets 
-| Gold....... .| Piaster.. 
Gold and silver.......... Bolivar 


4 Gold the nominal standard. Silver practically the standard, 
2 Silver the nominal standard. Paper, the actual currency, the depreciation of which is 
measured by the gold standard, 


MONEY AND CURRENCIES, 


VALUES OF FOREIGN COINS. 


Value in 
terms of U.S. Coins, 
gold dollar. 


$0.965 Gold: argentine ($ 4.524) and } argentine. Silver: peso and divisions, 
Gold: former system —4 florins (1.929), 8 ilorins ($3,853), ducat 
203 ; ($2.287), and 4 ducats ($9,158). Silver: 1 and 2 florins. 
Gold: present system —20 crowns ($ 4.052) ; ty crowns ($ 2.026), 
198 Gold: 10 and 20 franes. Silver: 5 francs, 
ASE Silver: boliviano and divisions. 
fy Gold: 5, 10, and 20 milreis. Silver: 4, 1, and 2 milreis. 
00 
486 Silver: peso and divisions. 
912 Gold: escudo ($1,824), doubloon ($4.561), and condor ($9.123). 
Silver: peso and divisions. 
18 
800 
761 
51 
486 Gold: condor ($ 9.647) and double-condor, Silver: peso. 
926 Gold: doubloon ($5.017). Silver: peso. 
268 Gold: 10 and 20 crowns. 
A486 Gold: condor ($ 9.647) and double-condor. Silver: sucre and divisions. 
4.943 Gold: pound (100 piasters), 5, 10, 20, and 50 piasters. Silver: 1, 2, 5, 10, 
and 20 piasters. 
193 Gold: 20 marks ($3.859), 10 marks (3 1.93). 
193 Gold: 5, 10, 20, 50, and 100 franes, Silver: 5 francs. 
-283 Gold: 5, 10, and 26 marks. 
4,866} Gold: poverane (pound sterling) and } sovereign. 
198 Gold: 5, 10, 20, 5), and 100 drachmas. Silver: & drachmas, 
965 Silver: :. 
231 Gold: mohur ($7.105). Silver: rupee and divisions, 
193 Gold: 5, 10, 20, 50, and 100 lire. Silver: 5 lire. 
997 Gold: 1, 2, 5, 10, and 20 yen. 
524 Silver: yen. 
1.00 
523 Gold: dollar ($ 0.983), 2}, 5,10, and 20 dollars, Silver: dollar (or peso) 
and divisions, 
A402 Gold: 10 florins. Silver: 4, 1, and 2k florins, 
1.014 Gold: 2 dollars (} 2.027). 
-268 Gold: 10 and 20 crowns. 
089 Gold: 4,1, and 2 tomans ($3.409). Silver: 4, 4, 1, 2, and 5 krans, 
486 Silve: ol and divisions. 
1.08 Gold: 1, 2, 5, and 10 milrets. 
-T72 Gold: imperial ($ 7.718), and 4 imperial? (}3.S6). 
B89 Silver: 3, 4, and 1 ruble. 
193 Gold: 25 pesetas. Silver: 5 pesotas, 
268 Gold: Be and 20 crowns. 
193 Gold: 5, 10, 20, 50, and 100 francs. Silver: 5 francs, 
483 
O44 Gold: 25, 50, 100, 250, and 500 plasters. 
193 Gold: 5, 10, 20, 50, and 100 bolivars. Silver: 5 bolivars, 


1Coined since January 1, 1886. - Old half-imperial = $ 3.986. 
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Measure or Time. 


876. Time is the measure of duration. The unit is the Day, 
and the table is made up of its divisors and multiples. 


TABLE. 
60 seconds (sec.) = 1 minute (min.). 
60 minutes = 1 hour (h.). 
24 hours = 1 day (da.). 
7 days, = 1 week (wk.). 
oe Ce } = 1 common year (yr.). 
366 days = 1 leap year (yr.). 
12 calendar months = 1 year (yr.). 
100 years = 1 century (C.). 
UNIT EQUIVALENTS. 
min. sec, 
h. l= 60 
da, l= 60 = 8600 
wk. l= 24: 1440 = 86400 
i 7= 168= 10080 = 604860 
Wo, — {365 = 8760 = 625600 = 31536000 
a ~ (366 = 8784 = 527040 = 31622400 


be 
= 


Scare —ascending, 60, 60, 24, 7; descending, 7, 24, 60, 60. 


The calendar year is divided as follows: 


No. of month, Season. Names of months. Abbreviations No. of days. 
1 Winter { January, Jan. 31 

2 ys February, Feb. 28 or 29 
3 March, Mar. 31 
4 Spring, { April, Apr. 30 
6 May, — 31 
6 June, Jun. 30 
7 Summer, {uy 31 
8 August, Aug. 31 
9 September, Sept. 30 
10 Autumn, | October, Oct. 31 
11 November, Nov. 30 
12 Winter December, Dec. ou 


The number of days in each calendar month may be easily remembered by committing 
the following lines to memory: 

“Thirty days have September, 
April, June, and November ; 
All the rest haye thirty-one, 
Save February, which alone 
Has twenty-eight; and one day more 
We add to it one year in four.” 
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Norges. —1. In most business transactions 80 days are called 1 month. For many pur- 
poses 4 weeks constitute a month, 

2. The civil day begins and ends at 12 o'clock, midnight. The astronomical day, 
used by astronomers in dating events, begins and ends at 12 o’clock, noon. The civil year 
is composed of clyil days. .. (ante-meridian) is used to denote the time between mid- 
night and noon; . (meridian) to denote noontime ; and r.s. (post-meridian) to denote the 
time between noon and midnight. 


BISSEXTILE OR LEAP YEAR, 


377. The period of time required by the sun to pass from 
one vernal equinox to another, called the vernal or tropical 
year, is exactly 365 da. 5 h. 48 min. 46 sec. This is the true 
year, and it exceeds the common year by 5h. 48 min. 46 sec. 
(not quite a quarter of a day). 


If 365 days are reckoned as 1 year, the time lost in the calendar will be 
In Lyr., 5h. 48 min. 46 sec. 
wg O86 1H 46 
The time thus lost in 4 years will lack only 44 min. 56 sec. of 1 entire 
day. Hence, 
If every fourth year is reckoned as leap year, the time gained in the 
calendar will be, 
In 4yr., 44 min. 56 sec. 
* 100 ** (=26 x4 yr) 18h.43 * 20 * 
The time thus gained in 100 years will lack only 5 h. 16 min. 40 sec. of 
lday. Hence, 
If every fourth year is reckoned as leap year, the centennial years 
excepted, the time Jost in the calendar will be, 
In 100 yr., 5h. 16 min. 40 sec. 
“ 400 ae 21 “ 6 “ 40 oe 
The time thus lost in 400 years lacks only 2 h. 58 min. 20 sec. of 1 
day. Hence, 
If every fourth year is reckoned as leap year, 3 of every 4 centennial 
years excepted, the time gained in the calendar will be, * 
In 400 yr., 2h. 58 min. 20 see. 
is 4000 a 28 oe 53 ee 20 o 
The following rule for leap year will therefore render the calendar 
correct to within nearly 1 day, for a period of 4000 years. 


I. Every year that is exactly divisible by 4 is a leap year, the 
centennial years excepted ; the other years are common years. 

Il. Every centennial year that is exactly divisible by 400 is a 
leap year except those exactly divisible by 4000 ; the other centen- 
nial years are common years. 


——E 
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Notes. —1. Julius Cwsar, the Roman Emperor, decreed that the year should consist 
of 365 days 6 hours ; that the 6 hours should be disregarded for 3 successive years, and an 
entire day be added to every fourth year. This day was inserted in the calondar between 
the 24th and 25th days of February, and is called the intercalary day. As the Romans 
counted the days backward from the first day of tho following month, the 24th of February 
was called by them sezlo calendas Martvi, the sixth before the calends of March, Tho 
interealary day which followed this was called bis-sexto calendas Martii; hence the name 
dissextile, 

2. In 1582 the error in the calendar as established by Julius Caesar had increased to 10 
days; that is, too much time had been reckoned as a year, until the civil year was 10 days 
behind the solar year. ’o correct this error, Popo Gregory decreed that 10 entire days 
shoula be stricken from the calendar, and that the day following the 3d day of October, 
1552, should be the 14th. This brought the vernal equinox at March 21 — the date on which 
it occurred in the year $25, at the time of the Council of Nice. 

8. The year as established by Julius Cvwsar is sometimes called the Julian year > and 
the period of time in which it was in force, namely from 46 B.O. to 1582, A.D. is called the 
Julian Period. 

4. The year as established by Pope Gregory is called the Gregorian year, and the 
calendar now used {s the Greyorian Calendar. 

5. Most Catholic countries adopted the Gregorian Calendar soon after it was established. 
Great Britain, however, continued to use the Julian Calendar until 1752, At this time the 
civil year was 11 days behind the solar year, To correct this error, the British Government 
decreed that 11 days should be stricken from the calendar, and that the day following the 
2d day of September, 1752, should be the 14th. 

6. Time before the adoption of the Gregorian Calendar is called Old Style (O.8.), and 
time since, New Style (N.S.). In Old Style the year commenced March 25, and in New 
Style it commences January 1. 

7. Russia still reckons time by Old Style, or the Julian Calendar; hence the Russians’ 
dates are now 12 days behind ours, 

8. The centuries are numbered from the commencement of the Christian era; the 
months from the commencement of the year; the days from the commencement of the 
month, and the hours from the commencement of the day (12 o'clock, midulght). Thus, 
May 23, 1890, 9 o'clock A.M., is the 9th hour of the 28d day of the 5th month of the 90th year 
of the 19th century. 


CrrcuLAR or ANGULAR MEASURE. 


378. Circular Measure, or Circular Motion, is used principally 
in surveying, navigation, astronomy, and geography, to measure 
ares of angles or circles, for reckoning latitude and longitude, 
determining locations of places and vessels, and computing 
difference of time. 5 

Every circle, great or small, is divisible into the same number 
of equal parts: as quarters, called Quadrants ; twelfths, called 
Signs; 360ths, called Degrees, etc. Consequently the parts of 
different circles, although having the same names, are of different 
lengths. 

The unit is the Degree, which is z1,, part of the space about 
a point in any plane. The table is made up of divisors and 
multiples of this unit. 
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TABLE. 


60 seconds (’) = 1 minute (’). 
60 minutes = 1 degree (°). 
30 degrees = | sign (S.). 

12 signs, or 360°, = 1 circle (C.). 


UNIT EQUIVALENTS. 


’ " 

° L= 60. 

Ss. T= 60" 30005 

Cc. 1= 30= 1800= 108000. 
1 = 12 = 360 = 21600 = 1296000. 


ScaLe— ascending, 60, 60, 30, 12; descending, 12, 30, 60, 60. 


Nores.—1. Minutes of the carth’s circumference are called geographic or nautical 
miles. 

2. The denomination, sign, is confined exclusively to Astronomy. 

8. A degree has no fixed linear extent. When applied to any circle it is always yy 
part of the circumference. But, strictly speaking, it is not any part of a circle. 

4, 90° make a quadrant or rightangle ; 60° make a sextant or 4 of a circle. 
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379. COUNTING. 380. PAPER. 

12 units = 1 dozen (doz.). 24 sheets = 1 quire (qre.). 
12 dozen = 1 gross (gro.). 20 quires = 1 ream (rm.). 
12 gross = 1 great gross (G. gro.). 2reams =1 bundle (bdl.). 
20 units = 1 score (sc.). 5 bundles = 1 bale (B.). 
381. BOOKS. 


The terms folio, quarto, octavo, duodecimo, ete., indicate the 
number of leaves into which a sheet of paper is folded. 


A sheet folded in 2 leaves is called a folio. 

A sheet folded in 4 leaves ‘© a quarto, or 4to. 
A sheet folded in 8 leaves “ an octavo, or 8yo. 
A sheet folded in 12 leaves ds a 12mo. 

A sheet folded in 16 leaves ay a 16mo. 

A sheet folded in 18 leaves ci an 18mo. 

A sheet folded in 24 leaves ce a 24mo. 

A sheet folded in 32 leaves ‘ca 32mo. 


382. COPYING. 


72 words make 1 folio or sheet of common law. 
90 “ “e 1 “se “ “ce “ce chancery. 
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383. A Denominate Number is a number composed of one or 
more units of any denomination, and may be simple or com- 
pound. 

884. A Simple Denominate Number is a number composed of 
but one denomination, as, 7 miles; 6 hours; 5 tons. 


385. A Compound Denominate Number is a number composed 
of two or more denominations of the same nature; as, 10 lb. 
6 0z.; 6 yr. 3 mo. 

386. A Denominate Fraction is a concrete fraction whose 
integral unit is one of a denomination of some compound num- 
ber. ‘Thus, $ of a day is a denominate fraction, the integral 
unit being one day; so are 2 of a bushel, % of a mile, etc., 
denominate fractions. 

387. Most of the tables in Denominate Numbers, except 
those in the Metric System, are based on varying scales. 


Nore.—The only other tables that are not based on a varying scale are the table of 
counting 12 things make 1 dozen, 12 dozen 1 gross, 12 gross 1 gr gross, ete., based on the 
duodecimal scale ; the table of United States Currency, and some of the tables of Foreign 
Currency, based on the decitmal scale. 


388. Reduction is the process of changing a number from 
one denomination to another without altering its value. 
Reduction is of two kinds, Descending and Ascending. 


389. Reduction Descending is changing a number of one 
denomination to a lower denomination or one of less wnit value ; 
thus, $1 = 10 dimes = 100 cents = 1000 mills. 

890. Reduction Ascending is changing a number of one denomi- 
nation to a higher denomination or one of greater unit value; 
thus, 1000 mills = 100 cents = 10 dimes = $1. 
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REDUCTION DESCENDING. 


Examples. 


391. To reduce a compound denominate number to lower denomi- 
nations. 
1. Reduce 3 mi. 57 rd. 2 yd. 1 ft. 8 in. to inches. 
OPERATION. 
3 mi. 57 rd. 2 yd. 1 ft. 8 in. 


3820 So.ution.— Since in 1 mile there are 320 rd., in 3 miles 
1017 rd there are 3 x 320 rd. = 960 rd., and the 57 rd. in the 
: given number added, = 1017 rd. in 3 mi, 57 rd. Since in 


5} 1 rd. there are 54 yd., in 1017 rd. there are 1017 x 5} yd. 
5081 = 5593) yd., which with the 2 yd. in the given number 
5085 = 55951 yd. in 3 mi. 57 rd. 2 yd. Since in 1 yd. there 


are 3 ft., in 5595} yd. there are 5595} x 3 ft. = 16786} ft., 
5595} yd. which with the 1 ft. in the given number = 16787} ft. in 
3 3 mi. 57 rd. 2 yd.1 ft. And since in 1 ft. there are 12 in., 
a in 16787} ft. there are 16787} x 12 in. = 201460 in., which 
16787 z ft. with the 8 in. in the given number = 201458 in. in the 
12 given compound number. On examining the operation, 
901458 in. Ans. We find that we have successively multiplied by the num- 
bers in the descending scale of linear measure from miles 
to inches, inclusive. As either factor may be used as a multiplicand, we 
may consider the numbers in the descending scale as multipliers. 


Ruve.—I. Multiply the highest denomination of the given 
compound number by that number of the scale which will reduce 
it to the next lower denomination, and add to the product the given 
number, if any, of that lower denomination. 

II. Proceed in the same manner with the results obtained in 
each lower denomination, until the reduction is brought to the 
denomination required. 


392. All the numbers in the metric system are based on a 
uniform scale of 10, 100, or 1000. Hence we have the follow- 
ing principle for the reduction of metric denominations. 


Privcipre.— A denominate number in the metric system 
may be reduced to the next higher or lower denomination by the 
zemoval of the decimal point one place to the left or right in 
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measures of length, cupacity, and weight; two places to the left 
or right in measures of surface, and three piaces to the left or 
right in measures of volume, thus : 


REDUCTION DESCENDING. 
5.625Km = 56.25Hm = 562.50 = §625™ = §6250¢m 
2.3255 = 232.5:4dm = 23250"em = 2325000ea mm 
582195eam = — §32.195eu dm = H32195uem = H32195000umm 


REDUCTION ASCENDING. 
662509" = 5625" = 562.5Dm 
232500080 mm = 23250sa em 2.589 dm 
682195000 mm — §32195%rem = H32.195eudm 


56.254m = §.625Km 
2.525 


-532195cu m 


sqm 


Norte.— When numbers in the metric system are reduced to like denominations, they 
may be added, subtracted, niultiplied, or divided like any other whole numbers or decimals, 
2. How many grains are there in 16 lb. 10 oz. 18 pwt. 

5 gr.? 

3. How many farthings are there in £133 6s. 8d. ? 

4. Change 100 mi. to inches. 

5. How many rods of fence will inclose a farm 14 miles 
square ? 

6. ‘The gray limestone of Central New York weighs 175 Ib. 
to the cubic foot. What is the weight of a block § ft. long and 
1 yd. square ? 

7. What will be the cost of 1 hogshead of molasses at $.28 
per gallon. ? 

8. Express 3.5655 in centigrams. 

9. A man wishes to ship 1548 bu. 1 pk. of potatoes in 
barrels containing 2 bu. 3 pk. each. How many barrels must 
he obtain ? 

10. A grocer bought 10 bushels of chestnuts at $3.75 a 
bushel, and retailed them at $.06}.a pint. What was his whole 
gain? 

11. Reduce 90° 17' 40" to seconds. 

12. How many days were there in the 18th century ? 

13. At 61 cts. each, what will be the cost of a great gross of 
writing books? 

14. Reduce 6 0. 14£3 3f£3 45m to minims. 
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15. How large an edition of an octavo book can be printed 
from 4 bales 4 bundles 1 ream 10 quires of paper, allowing 8 
sheets to the volume ? 

16. Suppose your age to be 18 yr. 24 da. How many 
minutes old are you, allowing 4 leap years to have occurred in 
that time ? 

17. How many pence are there in 481 sovereigns ? 

18. Reduce $7% to mills. 

19. In £6 10s. 10d. how many dollars United States currency 
are there ? 

20. Which is the cheaper and how much per yard, to buy 
ribbon at $.35 a yard or at $.40 a meter. 

21. How many dollars Canada currency are equal to £126 
12s. ? 

22. Ilow many square centimeters are there in a lot which 
is 50 ft. long and 100 ft. wide ? 

23. How many steps of 2 ft. 9 in. each will a man take in 
walking a distance of 95 miles ? 

24. Ilow many decimeters are there in 5 yards? 

25. Express .0037081 ™in hectoliters ; in centiliters. 

26. A grocer bought 12 barrels of cider at $14 a barrel, 
and after converting it into vinegar, he retailed it at 6 cents 
a quart. What was his whole gain? 

27. In 75 A. 4.sq. ch. 18 poles 118 sq. 1. how many square 
links are there ? 

28. How many inches high is a horse that measures 16 
hands ? 

29. If a vessel sails 150 leagues in a day, how many statute 
miles does she sail? 

30. If 14 A. are sold from a field containing 50 A., how 
many square rods will the remainder contain ? 

31. A man returning from Pike’s Peak has 36 Ib. 8 oz. of 
pure gold; what is its value at $1.044 per pwt. ? 

32. I paid $360 for 2 tons of cheese, and retailed it for 30 
cents a kilogram. What was my whole gain? 


Cente 
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33. A man having $ hhd. of tobacco, each weighing 9 ewt. 
42 1b., wishes to put it into boxes containing 48 lb. each. How 
many boxes must he obtain ? 

34. Write 56.232 kilometers as meters; as centimeters. 

35. A merchant bought 12 barrels of salt at $14 a barrel, 
and retailed it at 3 of a cent a pound. How much did he 
gain altogether ? 

36. A physician bought 1 tb 103 of quinine at $2.2é 
ounce, and dealt it out in doses of 10 gr. at 3.12} a 
How much more than cost did he receive ? 

37. Change 22350 sq. kilometers to sq. meters; to acres. 

38. How many cubic centimeters are there in 2534 cubic 
meters ? 

393. To reduce a denominate fraction from a greater to a less 
unit. 

1. Reduce -j, of a gallon to the fraction of a gill. 


OPERATION. Sorution.—To reduce gallons to 

9 4 8 .. Gills, we multiply successively by 4, 2, 

ue gal. x A x i x 1 = rl $1. and 4, the numbers in the descending 
4A 1 scale. And since the given number is 


i Ans. 4 fraction, we indicate the process, as 
in multiplication of fractions, after 
which we perform the indicated operations, and obtain ,*,, the answer. 


Ruxe.— Multiply the fraction of the higher denomination by 
the numbers in the descending scale successively, between the given 
and the required denomination. 

Nore. — Cancellation may be applied wherever practicable, 

2. Reduce 3}, of a lb. Troy to the fraction of a penny- 
weight. 

3. Reduce 54, of a hhd. to the fraction of a pint. 

4. Reduce 57,5 of a mile to the fraction of a yard. 

5. Reduce =, of a gallon to the fraction of a gill. 

6. What part of a dram is zj55 of 3 of 8 of 48 of 3} 
pounds, avoirdupois weight ? 

7. Reduce yghy, of a dollar to the fraction of a cent. 
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8. Reduce +, of a rod to the fraction of a link. 
9. Reduce 4, of a seruple to the fraction of a grain. 
10. What fraction of a yard is $ of +; of a rod ? 
11. 55, of a week is } of how many days? 5 
12. What fraction of a square rod is 73,5 of 44 times 2, of 
an acre ? 


394. To reduce a denominate fraction to integers of lower 

denominations, 
1. What is the value of 2 of a bushel? 
OPERATION, So.ution.—% bu. = 3 
3 ms Poe Se — 44 . 
fofdpk= § pk igpe ee rd ceeds pe the 
% of 8 qt. = 2A qt. = 44 qt. units, 1 pk., 4 qt., 1 pt., with the last 
4 of 2 pt. = $ pt. =1% pt. denominate fraction, 4 pt., form the 

1 pk. 4 qt. 12 pt. Ans. answer. 

Rute. —I. Multiply the fraction by that number in the scale 
which will reduce it to the next lower denomination, and if the 
result is an improper fraction, reduce it to a whole or mixed 
number. 

Il. Proceed with the fractional part, if any, as before, until 
the number is reduced to the denominations required. 

Ill. The units of the several denominations, arranged in their 
order, will be the required result. 


2. Reduce + of a yard to integers of lower denominations. 
Reduce 4 of a month to lower denominations. 
Reduce £97 of a short ton to lower denominations. 
What is the value of § of a long ton? 
What is the value of $ of 2} pounds apothecaries’ weight ? 
What is the value of ;% of an acre ? 
Reduce # of a mile to integers of lower denoniinations. 
9. What is the value of 4 of a great gross ? 

10. What is the value in geographic miles of 5% of a great 
circle ? 

11. What is the value of 4 of 3% cords of wood? 
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12. The distance between A and B is 14 miles; having 
traveled 2 of this distance from A, how much further must I 


travel to reach B? 

13. What is the value of 48 £3 ? 

14. What is the value of # of a sign ? 

15. A man having a hogshead of molasses, sold +, of it. 
How much remained ? 

895. To reduce a denominate decimal to integers of lower 
denominations. 

1. Reduce .125 of a barrel to integers of lower denomina- 

tions, 


OPERATION. 
125 Sorution. — We first multiply the 
ae given decimal, .125 of a barrel, by 31.5 
31.5 to reduce it to gallons, and obtain 
937 it 3.9375 gallons. Omitting the 3 gallons, 
8.9875, ga we multiply the decimal, .9375 gal., 
4 by 4 to reduce it to quarts, and obtain 

ee ate ; 

y t. 3.75 quarts. We next multiply the 
3.7500 q decimal part of this result by 2, to 
2 reduce it to pints, and obtain 1.5 pints. 
Pay The decimal part of this result we 
1.50 pt. multiply by 4 to reduce it to gills, and 
mA obtain 2 gills. ‘The integers of the 
2.0 gi. several denominations, arranged in 


their order, form the answer. 
8 gal. 3 qt. 1 pt. 2 gi. Ans. 

Rure.—I. Multiply the given denominate decimal by that 
number in the descending scale which will reduce it to the next 
lower denomination and point off the result as in multiplication 
of decimals. 

Il. Proceed with the decimal part of the product in the same 
manner until reduced to the required denominations. The integers 
of the several denominations will form the answer required. 


Reduce to lower denominations : 


2. .645 day. 5. .875 hhd. 8. .625 fath. 
8. .765 lb. Troy. 6. £.85251. 9. .8469°. 
4. .6625 mi. 7. .T15°. 10. .375 yd. 


11. How many centiliters are 3.756 hectoliters ? 
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REDUCTION ASCENDING. 
Examples. 


396. To reduce a compound denominate number to higher 
denominations. 
1. Reduce 157540 minutes to weeks. 
So.ution. — Dividing the given 


ese number of minutes by 60, because 
60)157540 min. there are ,{; as many hours as 
24)2625 h. + 40 min. minutes, we obtain 2625 h. plus a 

7 ai ih a) 
7)109 da. + 9h. remainder of 40 min. We next 


divide the 2625 h, by 24, because 

15 wk. + 4 da. there are ,!; as many days as 

15 wk. 4 da. 9 h. 40 min. Ans. hours, and we find that 2625 h. 

= 109 da. plus a remainder of 9h. 

Lastly we divide the 109 da. by 7, because there are } as many weeks as 
days, and we find that 109 da. = 15 wk. plus a remainder of 4 da. 


2. Reduce 201458 inches to miles. 


OPERATION, Sortution. — We divide 
12)201458 in. successively by the num- 
3)16788 * bers in the ascending scale 
3)16788 ft. 2 in. of linear measure, in the 


5} or 5.5)é same manner as in the last 
40) 1017 rd. 2 yd. 1 ft. Gin. example. But, in dividing 
aie ae iy al 55960 yd. by 5} or 5.5, we 

= jE ita have a remainder of 2} 

3 mi. 1 fur. yd., and this reduced to its 


3 mi. 1 fur. 17 rd. 2 yd. 1 ft. 8 in. Ans. equivalent compound num- 

ber (§ 394) = 2 yd. 1 ft. 
6in. In forming our final result, the 6 in. of this number is added to 
the first remainder, 2 in., making $ in. 


Ruie.—I. Divide the given concrete or denominate number by 


that number of the ascending scale which will reduce it to the next 
higher denomination. 

Il. Divide the quotient by the next higher number in the scale ; 
and so proceed to the highest denomination required. The last 
quotient, with the several remainders annexed in a reversed order, 
will be the answer. 


Note. — The several corresponding cases in reduction descending and reduction ascend- 
ing, being opposite, naturally prove each other. 
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3. Reduce 1913551 drams to tons. 

4. In 97920 gr. of medicine how many lb. are there ? 

5. Reduce 1000000 in. to mi. 

6. How many acres are there in a field 120 rd. long and 56 


rd. wide? 
: 7. How many cords are there in a pile of wood 60 ft. long, 
; 15 ft. wide, and 10 ft. high ? 
, 8. In 30876 gi. how many hhd. are there ? 


9. How many bushels of corn are 27072 qt. ? 

10. How many hectograms are there in 565 grams. 

11. In 1284567 far. how many £ are there ? 

12. Reduce 2468 pence to half crowns. 

13. In 84621 m how many Cong. are there? : 

14. At $4 a hectoliter, what is the value of 4 liters of 
apples ? 

15. If 135 million Spencerian steel pens are manufactured 
yearly, how many great gross will be made each year ? 

16. Reduce 1020300" to S. 

17. In 411405 seconds how many days are there ? 

18. During a storm at sea, a ship changed her latitude 412 
geographic miles. How many degrees and minutes did she 
change? 

19. In 120 gross how many score are there ? 

20. How many miles are there in the semicircumference of 
the earth? 

21. How much time will a person gain in 36 yr. by rising 
45 min. earlier, and retiring 25 min. later, every day, allowing 
for 9 leap years? 

22. If I walk at the rate of 264 feet in a minute, how many 
miles an hour do I walk ? 

23. How many acres are there in a field 290 rd. long and 
96 rd. wide? 

24. How many steres are there in a pile of wood 20™ long, 
5™ wide, and 3™ high ? 

25. Express 7645" as a decimal of a hectoliter. 
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26. How many steres are there in 256 decisteres ? 

27. A coal dealer bought 175 long tons of coal at $3.75, 
and sold it at $4.50 a short ton. What was his whole gain? 

28. An Ohio farmer sold a load of corn weighing 2912 1b., 
and a load of wheat weighing 2400 lb.; for the corn he received 
$.60 a bushel, and for the wheat $1.20 a bushel. How much 
did he receive for both loads ? 

29. Reduce 25 cubic centimeters to cubic inches. 

30. An English grocer sold 120 barrels of apples, each con- 
taining 2 bu. 2 pk., at 4s. 7d. a bushel, and received pay in 
cloth at 10s, 5d. a yard. How many yards of cloth did he 
receive ? 


OPERATION. Sotution. — The operation in this 
1 Ui example is similar to the preceding 
2 : examples, except that we divide the 
120 x 9.5 x Lapeer 


PP _ 139 yd. Ans. cost of the apples by the price of a 
A2p unit of the article received in pay- 

ment, reduced to units of the same 

denomination as the price of-a unit 
article sold. Thus 4s. 7d. = 55d., the cost per bushel, and 120 bbl. of apples 
each containing 2} bu. will cost 120 x 2.5 x 56d. 10s. 5d.=126d., the cost of 
120 x 2.5 x 55 
125 


lyd.; hence = the number of yards. Ans., 132. 

31. If I make a box with a bottom 4 ft. square, how high 
must I make it to have it contain 160} cu. ft. ? 

32. Ifa cistern has 142 sq. ft. on the bottom, how deep must 
it be to contain 940 cu. ft.? How many gallons of water will 
‘it contain ? 

33. A tank 71 ft. by 5} ft. by 12 ft. will contain how many 
barrels of kerosene ? 

34. How many bushels of wheat are there in a freight car 
82 ft. long, 8 ft. wide, the wheat being 2 ft. 2in. deep in the car ? 

35. A man bought 200 gallons of astral oil at $.06 a gallon, 
and sold it at $.03 a liter. How much did he gain? 

36. How many loads of earth must be removed to grade 
down a street 1 ft. 6 in., the street being } mi. in length and 
20 ft. wide? 
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37. How many loads of earth will be required to raise the 
grade of a lot 2 ft., the lot being 55 ft. by 135 ft. ? 

38. What is the cost of 20 yd. 2 ft. 6 in. of wire at 6 cents 
per yard ? 

39. What is the difference in size between a garden contain- 
ing 6 sq. rd. and one which is 6 rods square ? 

40. A barrel contains 28 gal. of oysters; after selling 8 gal. 
2 qt. 1 pt., how many gallons are left? 

41. Ina pile of wood 60 ft. long, 20 ft. wide, and 15 ft. high, 
how many cords are there ? 

42. How many barrels, each containing 2 bu. 2 pk., will be 
required to hold 81 bushels of apples ? 

43. At the rate of % of a mile per minute, how far will a 
train run in 3} hours ? 

44. How many Troy pounds are there in 3730.373 kilo- 
grams ? 

45. What part of a square yard is a strip of cloth 20 in. by 
15 in. ? 

46. Ifa load of wood is 12 ft. long and 3 ft. wide, how high 
must it be to make a cord ? 

47. Mt. Everest is 29062 ft. high. How many miles high 
is it? 

4s. A pile of wood 9 ft. long, 74 ft. high, and 5 ft. thick, 
costs $9. What is the price per cord ? 

49. Anthracite coal weighs 93.75 lb. per cubic foot. How 
many cubic feet do 2062.5 lb. occupy ? 

50. How much will it cost to fill a bin 315 ft. by 4.5 ft. by 
6.5 ft., with coal 40 cu. ft. to the ton, at $7.48 per ton? 

51. What is the cost of 17 meters of lace at 8 cents per 
decimeter ? 

52. A bin is 2 meters by 2 meters by 6 meters. How many 
hectoliters of wheat will it contain? 

53. How many steres are there in a pile of wood 20™ long, 
1.25™ wide, and 4™ high ? 

54. How many cords of wood are there in 10 steres ? 
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397. To reduce a denominate fraction from a less to a greater 
unit. 


1. Reduce 58; of a gill to the fraction of a gallon. 


OPERATION, So.ution. — To reduce gills 
g£ 1 il to gallons, we divide succes- 
i gi. XG x q* ; = 7, gal. Ans. sively by 4, 2, and 4, the num- 

bers in the ascending scale. 
And since the given number is a fraction, we indicate the process, as 
in division of fractions, after which we perform the indicated operations, 
and obtain ./;, the answer. 
Rue. — Divide the fraction of the lower denomination by the 
numbers in the ascending scale successively, between the given and 
the required denomination. 


Nore. — The operation may frequently be shortened by cancellation. 


2. Reduce 

3. Reduce 
Troy weight. 
What part of a ton is + of a pound avoirdupois weight ? 
What fraction of an hour is 4 of 20 seconds ? 


2 of a shilling to the fraction of a pound. 
5 


of a pennyweight to the fraction of a pound 


Le 


What part an hour is $ of 28 minutes ? 
$ of 3 of a rod is w ba part of a mile ? 
Change 2 of a dozen to the fraction of a gross ? 
What is the fractional difference between yh, of a hhd. 
and # of a pt. ? 

10. 224 of 1 of 2 of a pint is what fraction of 2 pecks ? 

11. Reduce 2 of + of 3% of {of a cord foot to the fraction 
of a cord. 

12. What part of an acre is 5, of +4, of 94 square rods ? 

13. 4 of 51 furlongs is } of j, of how many miles? 

14. A block of granite containing } of $ of 204 cubic feet, is 
what fraction of a perch? 

15. What part of a cord of ood is a pile 74 ft. long, 2 ft. 
high, and 3} feet wide? 

16. Reduce # of an inch to the fraction of an English ell. 


ononrnwn 
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398. To reduce a compound denominate number to a fraction of 
a higher denomination. 
1. Reduce 2 0z., 12 pwt. 12 gr. to the fraction of a pound 
Troy. 


Sotution. —To find whav 


OPERATION. ; aie 
9 G 9 op = 12 part one compound number is 
4 eae pet PACES 1260 gt. of another, they must be like 


1 lb. Troy = 5760 gr. numbers and reduced to the 

4260 lb. = ai lb. Ans. same denomination. In 2 oz. 

12 pwt. 12 gr. there are 1260 

gr., and in 1 Ib. there are 5760 gr. ‘Therefore 1 gr. is 5y\zy 1b., and 1260 

gr. are 4263 Ib. = yy Ib. 

Ruxe. — Reduce the given number to its lowest denomination 

for the numerator, and a unit of the required denomination to the 
same denomination for the denominator of the required fraction. 


Nore. —If the given number contains a fraction, the denominator of this fraction must 
be regarded as the lowest denomination. 


2. Reduce 60 sq. rd. to the fraction of an acre. 

3. What part of a mile is 6 fur. 26 rd. 3 yd. 2 ft. ? 

4. What part of a £ is 18s. 5d. 2, far. ? 

5. What part of 21 lb. apothecaries’ weight is 73 73 25 
14 gr.? 


6. What part of 3 weeks is 4 da. 16 h. 30 min. ? 
7. Reduce 1% pecks to the fraction of a bushel. 
8. From a hogshead of molasses 28 gal. 2 qt. were drawn. 
What part of the whole remained in the hogshead ? 
9. Reduce 4 bundles 6 quires 16 sheets of paper to the 

fraction of a bale. 

10. What part of 54 cords of wood is 4800 cubic feet ? 

11. What is the value of os of a dollar? 

12. Reduce 30.3 £3 1 £336 m to the fraction of a Cong. 

13. What part of a ton of hewn timber is 36 cu. ft. 864 cu. 
in.? 

14. Reduce 1 month 3 days 5 hours 15 minutes to a fraction 
of a year. 
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399. To reduce a compound denominate number to a decimal of 
a higher denomination. 


1. Reduce 3 cd: ft. 8 cu. ft. to the decimal of a cord. 


OPERATION. So.urion.— We reduce the 

1618.0 cu. ft. 8 cu. ft. to the decimal of a ed. 

ft., by annexing a cipher, and 

Al so00 ed. ft. dividing by 16, the number of 

RN ; cu. ft. in 1 cd. ft.; then we an- 

4375 Cd. — nex the decimal quotient to the 

Or, 3 3 cd. ft. We now reduce the 

3 ed. ft. 8 cu. ft. = 56 cu. ft. 3.5 cd. ft. to Cd. or a decimal 
1Cd. =128 cu. ft. of a Cd., by dividing by 8, the - 


ll 


pfs Cd. = 4%; Cd. = 4375 Cd. Ans, number of ed. ft. in 1 Cd., and 


we have .4375 Cd., the answer. 

Or, we may reduce the 3 cd. ft. 8 cu. ft. to the fraction of a Cd. (as 
in § 398), and we shall have ,{; Cd. = yj; Cd., which reduced to its 
equivalent decimal, equals .4875 Cd., the same as before. 

Rute. — Divide the lowest denomination given, by that number 
in the scale which will reduce it to the next higher denomination, 
and annex the quotient as a decimal to that higher denomination. 
Proceed in the same manner until the whole is reduced to the de- 
nomination required. Or, 

Reduce the given number to a fraction of the required denomi- 
nation, and reduce this fraction to a decimal. 

2. Reduce 5 da. 9 h. 46 min. 48 sec. to the decimal of a 
week. 

8. Reduce 3° 27' 46.44" to the decimal of a sign. 

4. What part of 4 oz. is 2 oz. 16 pwt. 19.2 gr. ? 

5. What part of a furlong is 28 rd. 2 yd. 1 ft. 11.04 in. ? 

6. Reduce 345 to the decimal of a pound. 

7. Reduce 126 A. 4 sq. ch. 12 poles to the decimal of a 
township. 

8. What part of a fathom is 3% ft. ? 

9. What part of 11 bushels is .45 of a peck ? 

10. Reduce # of 4 of 22% lb. to the decimal of a short ton. 

11. What part of af3 is 5 £3 36m ? 

12. Reduce 50 gal. 3 qt. 1 pt. to the decimal of a tun. 

13. Express 2015 hectoliters in kilcliters. 
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ADDITION. 


400. Compound denominate numbers are added, subtracted, 
multiplied, and divided by methods based on the same vrin- 
ciples as simple numbers; and the only modification of the 
operations and rules is that required for borrowing, carrying, 
and reducing by a varying instead of a uniform scale. 


Examples. 


401. To add compound denominate numbers. 
1. What is the sum of 50 hhd. 32 gal. 3 qt. 1 pt.; 2 hhd. 
19 gal. 1 pt.; 15 hhd. 46} gal.; and 9 hhd. 39 gal. 2} qt. 


bhd. gal. qt. pt. So.ution. — Writing the numbers so that units of 


50 32 3 1. thesame denomination stand in the same column, we 
219 01 add the numbers of the right hand or lowest denomi- 
nation, and find the amount to be 3 pints, which is 

15 46 1 0 equal to 1 qt. 1 pt. We write the 1 pt. under the 
9 39 2 1. column of pints, and add the 1 qt. to the column of 
————__ quarts. The amount of the numbers of the next 
7 11 3 1 higher denomination is 7 qt., which is equal to 1 gal. 


3 qt. We write the 3 qt. under the column of quarts, 
and add the 1 gal. to the column of gallons. Adding the gallons, we find 
the amount to be 137 gal., equal to 2 hhd. 11 gal. Writing the 11 gal. 
under the gallons in the given numbers, we add the 2 hhd. to the column 
of hogsheads. Adding the hogsheads, we find the amount to be 78 hhd., 
which we write under the left-hand denomination, as in simple numbers. 


2. What is the suin of 74 wk., # da., and 3 h.? 
Sotution. — We first 


OPERATION. Aa ; Sige 

: nd the value of each 

yp Wk. = 4 da. 21 h. 36 min. fraction in integers of 

$ da. = 1424 « lower denominations 

$h = 22 “ 80sec. (§ 394), and then add 
Ss the results. 

5 12 22 30 Ans. Or, Or, we may reduce the 

given fractions to frac- 

§ dax y=, wk.; tions of the same de- 

$x xt+= qh wk; nomination (§ 893 or 


aa wk. + 3, wk. + ats wk. =4496 wk. 397), then add them, 


and find the value of 
2 =i wk. ; their sum in lower de- 
44% wk. =5 da. 12 h. 22 min. 30 sec. Ans. nominations. 
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Rurse.— I. If any of the numbers are denominate fractions, or 
if any of the denominations are mixed numbers, reduce the frac- 
tions to integers of lower denominations. 

II. Write the numbers so that those of the same unit value 
stand in the same column. 

Til. Beginning at the right hand, add each denomination as in 
simple numbers, carrying to each succeeding denomination one for 
as many units as it takes of the denomination added, to make one 
of the next higher denomination. 


Nore. —The pupil cannot fail to sce that the principles involved In adding compound 
bumbers are the same as those in addition or simple numbers ; and that the only difference 
consists in che different carrying units, 


3. 4. 
Ib oz pw gr Ib 5 3 D gr. 
14 6 12 13 10) 53.96; sls 
17 5 3 12 Te OMe cee 
15 9 16 igs ally “vf 
2 7 15 20 21 10 16 
tS is OF ga he} 125) Win Za Siro, 
41 5 2 (19 
5. 6. 
fur, rd. fe. in A. sq. rd. sq. yd. sq. ft 
i 20) LL 239 140 137 27 6 
Be 1G 2 TEL: 820. 70 14 2 
36 14 3 111 3 
il etter &3 214 95 22 7 
5 LO iy 100 120 6 1 
Gis 62) 25 25 6 8 
1k yea syets Fat) 104 89 +i 4 


7 Add 1 T. 17 ewt. 8 lb., 5 ewt. 29 Ib. 8 0z., 1 ewt. 42 Ib. 
6 0z., and 17 Ib. 8 oz. 

8. AddG6 yd. 2 ft., 3 yd. 1 ft. 8 in, 1 ft. 104 in., 2 yd. 2 ft. 
6} in., 2 ft. 7 in., and 2 yd. 5 in. 

9. Add 4 Cd. 7 ed. ft., 2 Cd. 2 ed. ft. 12 cu. ft. 6 ed. ft. 15 
cu. ft., 5 Cd. 3 ed. ft. 8 cu. ft., and 2 Cd. 1 cu. ft. 

10. Find the sum of 12.65", 2000", 3.456, and 15*™, 
ROB, NEW HIGHER Ak. —16 
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11. What is the sum of 13 hhd. 42 gal. 3 qt. 1} pt., ga. 
2 qt. $ pt., and 1.75 pt. ? 

12. What is the sum of 145% A.,7 A. 1094 sq. rd., 1 A. 136.5 
sq. rd., and 3 A.? 

13. What is the sum of 31 bu. 2 pk., 107 bu., 5 bu. 6} qt., 
14 bu. 2.75 pk., and 3 pk. 

14. Add 54.3!, 2340°, and 519™. 

15. Add 8 ft. 5 in., 2 yd. 1 ft. 1 in., and 6 yd. 8 in. 

16. Add 42 yr. 7} mo., 10 yr. 3 wk. 5 da., 9} mo. 1 wk. 16 h. 
40 min., § mo. 34 da. 

I7. Add 3'S. 22° 50!, 24° 36! 25.7", 17' 18.2", 1 S. 3° 12! 
15.5", 12° 3617.8", and 57.3". ; 

18. Find the sum of 25"™, 3560", 248"%P™, 20000"%"™, and 
2347824", 

19. How many units are 14 gross 7} doz., 3 gross 1} doz., 
4 of a great gross, 6} doz., and 4 doz. 7 units ? 

20. If I buy the N. E. } and the E. 3 of N. W. 4 of a section 
of land, how many acres do I purchase? How are the parts 
located in respect to each other ? 

21. Add 33 yd., 5 ft. 6 in., and 1} yd. 

22. What is the sum of 3lb 53 43 2D 17 gr., 2lb 53 
12 gr..4 3 2315 16 gr.? 

23. A farmer received $.60 a bushel for 4 loads of corn in 
the ear; the first contained 42.4 bu., the second 2866 lb., the 
third 363 bu., and the fourth 39 bu. 29 lb. How much did he 
receive for the whole ? 

24. Three loads of hay were bought at $8 per ton. The first 
weighed 1.125 T., the second 12 T., and the third 2500 pounds; 
how much did the whole cost ? 

25. What is the distance in kilometers around a lot which 
is 100 ft. long and 50 ft. wide ? 

26. Aman in digging a cellar removed 1404 cu. yd. of earth, 
in digging a cistern 24.875 cu. yd., and in digging a drain 46 
cu. yd. 20} cu. ft. What was the amount of earth removed, 
and what was the cost at 18¢ a cu. yd. ? 


= 
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SUBTRACTION. 
Examples. 


402. To subtract compound denominate numbers. 


1. From 18 lb. 5 oz. 4 pwt. 14 gr. take 10 lb. 6 oz. 10 pwt. 
8 gr. 


OPERATION. So.urion. — Writing the subtrahend under the 

Ib. oz. = pw. gr. minuend, placing units of the same denomination 
18 5 4 14 under each other, we subtract 8 gr. from 14 gr. 
10 6 10 8 and write the remainder, 6 gr., underneath. 
—————_ Since we cannot subtract 10 pwt. from 4 pwt., 
7 10 14. 6 . we add 1 oz. or 20 pwt. to the 4 pwt., subtract 


Ans. 10 pwt. from the sum, and write the remainder, 
14 pwt., underneath. Having added 20 pwt. or 1 oz, to the 6 oz. in the 
subtrahend, we find that we cannot subtract the sum, 7 oz., from the 5 
oz. in the minuend; we therefore add 1 1b. or 12 oz. to the 5 oz., subtract 
7 oz. from the sum, and write the remainder, 10 0z., underneath. Adding 
12 oz. or 1 lb. to the 10 1b. in the subtrahend, we subtract the sum, 11 lb., 
from the 18 lb. in the minuend, as in simple numbers, and write the 
remainder, 7 lb., underneath. 


2. From 12 bbl. 15 gal. 3 qt. take 7 bbl. 18 gal. 1 qt. 


OPERATION. 


bbl. pel, qt. Soturion. — Proceeding as in the last opera- 
12 15 3 tion, we obtain a remainder of 4 bbl. 28} gal. 2 
u 18 1 qt. But } gal. = 2 qt., which added to the 2 qt. 


4 28) 9 in the remainder = 1 gal., and this added to the 
28 gal. = 29 gal.; and the answer is 4 bbl. 29 gal. 


4 29 Ans. 
3. From % of a rod subtract $ of a yard. 
OPERATION. Sorution. — We first find 
3rd. =4 yd. 0 ft. 44 in. the value of each fraction in 
Fi due 9« 3 “ integers of lower denomina- 
= ee tions (§ 394), and then sub- 
3 1 1} Ans. tract the less value from the 


greater, Or, we may reduce 
the given fractions to frac- 


1 _ _ tions of the same denomina- 
hyd. x Ree fyd. x A= ay rd; tion, subtract the less value 


Or, 


a from the greater, and find 
frd.— fy rd. = ff rd; the value of the remainder 
#4 rd. =3 yd. 1 ft. 14in. Ans. in integers of lower denomi- 


nations, 


228 DENOMINATE NUMBERS. 


Rute. —I. Jf any of the numbers are denominate fractions, 
or tf any of the denominations are mixed numbers, reduce the 
fractions to integers of lower denominations. 

Il. Write the subtrahend under the minuend, so that units of 
the same denomination stand wnder each other. 

Il. Beginning at the right hand, subtract: each denomination 
separately, as in simple numbers. 

IV. If the nwmber of any denomination in the subtrahend ex- 
ceeds that of the same denomination in the minuend, add to the 
number in the minuend as many units as make one of the next 
higher denomination, and then subtract ; in this case add 1 to the 
neat higher denomination of the subtrahend before subtracting, or 
subtract 1 from the next higher denomination of the minuend. 
Proceed in the same manner with each denomination. 


4. 5. 
mi. fur. rd. ft, In. A. sq.rd. sq. yd. 
From 175 3 27 11 4 320 3 264 
Take 59 6 10 12 9 150 2 31.86 
6. qT. 
hhd. gal. qt. yr. mo. wk. da, h. 
From 5 36 3} 45 1.3 0 17 
Take 2 45 1% LOMOmeee se) 6.0 


8. Subtract 15 rd. 10 ft. 3} in. from 26 rd. 11 ft. 3 in. 
9. From 1 T. 11 ewt. 30 lb. 6 oz. take 18 ewt. 45 Ib. 
10. Subtract .659 wk. from 2 wk. 33 da. 
11. From 444 hhd. take .90625 gal. 
12. From 3 of 32 A. take 3 sq. rd. 
13. Subtract 3, lb. Troy from 10 lb. 8 oz. 8 pwt. 


14. From a pile of wood containing 36 Cd. 4 ed. ft. there was 
sold 10 Cd. 6 ed. ft. 12 cu. ft. How much remained ? 


15. From 5} bbl. take 4 of a hogshead. 
16. Subtract $07 of a day from 3 of a week. 
17. From $ of a gross subtract 2 of a dozen. 
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18. From } of a mile take 34 of a rod. 


19. Subtract 2 A. 3 sq. rd. 5.76 sq. yd. from 5 A. 1 sq. rd. 
24.24, sq. yd. 

20. If aspeculator buys the N. half of a section of land and 
sells at one time the N.W. 4 of N.W.4, at another time the 
N.E. + of N.W. 4, and at another time the N.E.4 of N.E. 4, 
how many acres will he have? Draw a diagram showing their 
location. 

21. Subtract .0625 bu. from # pk. 

22. From the sum of § of 365} days and 4 of 5§ weeks take 
491 minutes. 

23. From the sum of } of 3} mi. and 17} rd. take 54 fur. 

24. From a piece of cloth containing 36.57 meters, 12 yards 
were cut; how many yards remained? How many meters 
remained ? 

25. From 15 bbl. 3.25 gal. take 14 bbl. 24 gal. 3.54 qt. 

26. A farmer in Ohio having 200 bu. of barley, sold 3 loads, 
the first weighing 1457 lb., the second 1578 lb., and the third 
1420 lb. How many bushels had he left ? 

27. From 25.8** take 3268. How much remains ? 

28. Of a farm containing 200 acres two lots were reserved, 
one containing 50 A, 136.4 sq. rd., and the other 48 A. 123.3 sq. 
rd.; the remainder was sold at $35 per acre. How much was 
received for it ? 

29. An excavation 58 ft. long, 37 ft. wide, and 6 ft. deep is 
to be made for a cellar. After 471 cu. yd. 16 cu. ft. 972 eu. in. 
of earth have been removed, iow much still remains to be 
taken out ? 

30. From a piece of cloth containing 45.75™ a tailor cut at 
different times 5 suits of clothes, each containing 7.5". How 
much remained ? 

31. From the sum of # lb., 48 oz. and 314 pwt., take the 
difference between 3 oz. and { pwt. 

32. From the sum of 5,4 A., 3 of 61 A., and 48 of 2,4 sq. 
rd., take 4 A. 25 sq. rd. 12 sq. yd. 
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403. To find the difference in dates. 


1. How many years, months, days, and hours is it from 3 
o'clock p.m. of June 15, 1887, to 10 o’clock a.m. of Feb. 22, 


1895 ? 


OPERATION. Sotution. — Since the later of two dates 

yr. mo. da, h. always expresses the greater period of time, 
1895 2 22 10 we write the later date for a minuend and 
1887 6 15 15 the earlier date for a subtrahend, placing the 


Nee denominations in the order of the descend- 

7 8 6 19 Ans.  ingscale from left toright. 10 o’clock a..., 

Feb. 22, 1895, is equivalent to 1895 yr. 2 

mo. 22 da, 10 h., and 3 p.m., June 15, 1887 = 1887 yr. 6 mo. 15 da. and 

12+8orl15 h. We then subtract by the rule for subtraction of com- 
pound numbers. 


Rue. — Write the later date as a minuend and the earlier 
date as a subtrahend, and subtract. 
When the exact nwmber of days is required for any period not 


exceeding one ordinary year, it may be readily found by the 
following table. 


TABLE. 


Showing the number of days from any day of one month to the same day of 
any other month within one year. 


To tux Same Day or tux Next 
From Axy 7 


Day or 


Jan, | Feb, | Mar. | Apr.| May |June | July |Aug. |Sept. | Oct. | Noy. | Dec. 
January ...| 365] 31) 59) 90) 120} 151] 181 | 212 | 243 | 273 | 304 | 334 
February . . | 334/365] 28} 59] 89/120} 150 | 181 | 212 | 242 | 273 | 308 
March . . . .| 806 | 337| 365! 31| 61| 92] 122) 153] 184 | 214 | 245 | 275 
April... . .|275|306| 335/365) 380) 61] 91) 122) 153/183) 214 | 244 
WEN 6 oop 0 245 | 276 | 304 | 335| 365) 31] 61] 92] 123/153] 184) 214 
June... . .| 214) 246 | 273 | 304| 334/365] 30) 61] 92] 122) 153] 183 
July. .... .|184| 216 | 243 | 274 | 304 | 335) 365) 31) 62] 92) 123/153 
August... . | 153] 184 | 212 | 243 | 273 | 304 | 334/365) 31] 61] 92] 122 
September. . | 122 | 153 | 181 | 212 | 242 | 273 | 303 | 334| 865) 30] 61] 91 
October ...| 92] 123] 1561 | 182 | 212 | 243 | 273 | 804 | 336/365) 31] 61 
November. .| 61} 92) 120/151 | 181 | 212 | 242 | 273 | 304 | 334] 365] 30 
December ..} 31} 62} 90} 121) 151 | 182 | 212 | 243 | 274 | 304 | 385 | 365 
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If the days of the different months are not the same, the number of 
days of difference should be added when the earlier day belongs to the 
month from which we reckon, and subtracted when it belongs to the 
month to which we find the time. If the 29th of February is to be 
included in the time computed, one day must be added to the result. 


2. The American Revolutionary War began April 19, 1775, 
and peace was restored Jan. 20,1783; how long did the war 
continue ? 

3. How much time has elapsed since the Declaration of 
Independence of the United States ? 

4. The Pilgrims landed at Plymouth Dec. 22, 1620, and 
General Washington was born Feb. 22, 1732; what was the 
difference in time between these two events ? 

5. The first settlement made in the United States was at 
Jamestown, Va., May 23, 1607; how many years was it from 
that time to July 4, 1896? 

6. How many days is it from the 6th of November to the 
15th of the following January ? 

7. How many days is it, in leap year, from the 20th of 
August to the 15th of the following June? 

8. What length of time elapsed from the death of Henry 
Wadsworth Longfellow, March 24, 1882, to that of James 
Russell Lowell, Aug. 12, 1891 ? 

9. How long has a note to run, dated Jan. 30, 1893, and 
made payable June 3, 1895 ? 

10. How long was it from the battle of Bunker Hill, June 
17, 1775, to the battle of Waterloo, June 18, 1815 ? 

11. How many years, months, and days is it from your birth- 
day to this date ? 

12. What length of time elapsed from 16 minutes past 10 
o'clock, A.wt., July 4, 1890, to 22 minutes before 8 o’clock, p.m, 
Dec. 12, 1894? 

13. What length of time will elapse from 3.45 p.m. of Feb. 
22, 1896, to the end of the nineteenth century ? 

14. How many days is it from the 4th of September, 1895, to 
the 27th of May following ? 


Se Tae ae | 
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MULTIPLICATION. 


Examples. 


404. To multiply compound denominate numbers. 
1. Multiply 5 mi. 4 fur. 18 rd. 15 ft. by 6. 


OPERATION. SoLution.— Writing the multiplier 

5 mi. 4 fur. 18 rd. 15 ft. under the lowest denomination of the 

6 multiplicand, we multiply each denom- 

—— ination in the multiplicand separately, in 
33 2 33 1} Ans. order, from lowest to highest, as in simple 


numbers, and carry from lower denominations to higher, according to the 
ascending scale of the multiplicand, as in addition of compound numbers, 
Thus, 6 x 15 ft. = 90 ft., or 5 rd. and 7} ft.; 6 x 18rd.+ 5rd,=118rd. 
= 2 fur. and 33 rd.; 6 x 4 fur. + 2 fur. = 26 fur. = 3 mi. and 2 fur.; 6 x 5 


mi.+3mi.= 383 mi. Ans. 33 mi. 2 fur. 33 rd. 7} it. 


Rue. — Write the multiplier under the lowest denomination 
of the multiplicand. Multiply as in simple numbers, and carry 
as in addition of compound numbers. 

Notes.—1. When the multiplier is large, and is a composite number, we may shorten 


the work by multiplying by the component factors. The multiplier must be an abstract 
number. 

2. If any of the denominations are mixed numbers, they may either be reduced to 
integers of lower denominations before multiplying, or they may be muitiplied as directed 
in § 262. 

8. The multiplication of a denominate fraction is the most readily performed by § 262, 
after which the product may be reduced to integers of lower denominations by § 894 


As the work of multiplying by large prime numbers is somewhat tedious, 
the following method may often be so modified and adapted as to greatly 
shorten the operation. 

2. How many bushels of grain are there in 47 bags, each 
containing 2 bu. 1 pk. 4 qt. ? 


FIRST OPERATION. Sorurrion. — Multiplying the con- 

47 = 6 x 9) ILD, tents of 1 bag by 5, and the result- 
2 bu. 1 pk 4 qt ing product by 9, we have the 
i 3 contents of 45 bags, which is the 

5 composite number next less than 

11 bu. 3 pk. 4 qt.in 5 bags. the given prime number, 47. Next, 
9 multiplying the contents of 1 bag 


ARG SSEE DIES a . by 2, we have the contents of 2 
106 bu. 3 pk. 4 gf. in 45 Dees: bags, which, added to the contents 


“ its it9 
4 3 2 of 45 bags, gives us the contents of 


111 bu. 2 pk. 4 qt. “ 47 “ Ans. 45 +2 = 47 bags, 
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SECOND OPERATION, 

47 = (6 x 8) —1. 
2 bu. 1 pk. 4 qt. Or, we may multiply the contents 
6 of 1 bag by the factors of the com- 


{4 bu. 1 pk. in 6 bags.  Posite number next greater than 
8 = the given prime number, 47, and 
P from the last product subtract the 

114 bu. in 48 bags. _ multiplicand. 


2“ Lpk.4qt. “ 1 bag. 
111 bu. 2 pk. 4 qt. “ 47 bags. Ans. 


3. 4. 

WS ewt. Ib. 07%. mi, fur, rd. ft. 

12) SLO VEZ 29 14 6 36 14 

8 9 

Prod. 
5. 6. 

A. sq.rd. sq. yd. sq. ft. Cd. cd. ft. cu. ft. 

T “TS. 2 21ers 10 7 13 

6 12 


Prod. 
7. Multiply 34 bu. 3 pk. 6 qt. 1 pt. by 14. 
8. Multiply 4 lb. 10 oz. 18.7 pwt. by 27. 
9. Multiply 93 332518 gr. by 3d. 
10. Multiply 5 gal. 2 qt. 1 pt. 3.25 gi. by 96. 
11. Multiply 78 A. 15 sq. yd. by 153. 
12. What is 73 times 9 cu. yd. 10 cu. ft. 1424 cu. in. ? 
13. Multiply 2 lb. 8 oz. 13 pwt. 18 gr. by 59. 
14. Multiply 4 yd. 1 ft. 4.7 in. by 125. 
15. If 1 qt. 2 gi. of milk will fill 1 bottle, how much will 
be required to fill a gross of bottles of the same capacity ? 
16. How much will 120 yd. of cloth cost, at £1 9s. per 
yard ? 
17. What is the weight of 48 loads of hay, each weighing 
1 T. 3 cwt. 50 lb. ? 


18. A milliliter of water weighs 1 gram; what is the weight 
in kilograms of 25™ of water ? 


ei 
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19. Multiply 7 0. 10 £5 4 £3 25 m by 24. 
20. Multiply 3 hhd. 43 gal. 2.6 gi. by 17. 
21. Multiply 9 T. 13 ewt. 1 qr. 10.5 Ib. by 1.7. 


Note. — When the multiplier contains adecimal, the multiplicand may be reduced to the 
lowest denomination mentioned, or the lower denominations to a decimal of the higher, 
before multiplying. The result can be reduced to the compound number required. 


22. If a pipe discharges 2 hhd. 23 gal. 2 qt. 1 pt. of water 
in 1 hour, how much will it discharge in 4.8 hours, if the water 
flows with the same velocity ? ; 

23. What number of rails will inclose a quarter-section of 
Jand with a fence 6 rails high, and 3 lengths for every 2 rods? 
and what will be the cost of the rails at $40 per thousand ? 

24. What will be the value of 1 dozen gold cups, each cup 
weighing 9 oz. 13 pwt. 8 gr., at $ 212.38 a pound ? 

25. How many steres of wood are there in a pile 16™ long, 
19" wide, and 25" high ? 

26. A farmer sold 5 loads of oats, averaging 37 bu. 3 pk. 5 qt. 
each, at $.65 per bushel. Howmuch money did he receive for 
the grain? 

27. How many acres are there in a field 57™ long and 
28.5™ wide? 

28. A speculator bought of the Ill. Central R. R. Co. the 8. 4 
of Section 4, township 10 north; range 6 east, at $2 an acre. 
He sold the E. } of the 8.E. 4 at $2.75 an acre; the N.W. a of 
the S.E. 4 at $34 an acre, and the N. } of itis S.W. 4 at 
$ 3.84 an acre. How many 2 acres had he left 2 ? What was his 
gain on the purchase price of the whole? Draw diagram. 

29. A man having purchased a section of Bae from he 
U.S. Government at $1.25 an acre, sold the S. 1 of S.W. 4 at 
$2.50 an acre, the N.W. 4 of N.W. 4 at $1.75 an acre, the W. 
4 of S.E. } at $2 an acre, and the W.4 4 of S.W. 1 of N.E. 4 at 
$3 an acre. How many acres has he Pereine: and what is 
his gain, provided the remainder is sold at $21 an acre? 
Draw diagram and explain. 

30. In 6 barrels of grain, each containing 2 bu. 3 pk. 5 qt., 
how many bushels are there ? 
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DIVISION. 

Examples. 
405. To divide compound denominate numbers. 
1. Divide 37 A. 60 sq. rd. 7 sq. yd. by 8. 


OPERATION. Sotution.— Writing the divisor on 
- 8)37 A. 60 sq. rd. 7 sq. yd. the left of the dividend, we divide the 
eS 107 16 ne highest denomination, and the quotient 


is 4 A. and the remainder 5 A. We 
write the quotient under the denomination divided, and reduce the 
remainder to sq. rd., making 800 sq. rd., which, added to the 60 sq. rd. 
of the dividend, equals 860 sq. rd. Dividing this, we have a quotient of 
107 sq. rd., and a remainder of 4 sq. rd. Proceeding in the same way 
with the yards, our answer is 4 A. 107 sq. rd. 16 sq. yd. 


2. Divide 111 bu. 2 pk. 4 qt. by 47. 
OPERATION, 


47) 111 bu. 2 pk. 4 qt. (2 bu. 1 pk. 4 qt. Ans. 


94. , 
17 bu. rem. Sotution. —The divi- 
ey sor being large, and a 
70 pk. in 17 bu. 2 pk. prime number, we divide 
47 by long division, setting 
saa down the whole work of 
23 pk. rem. subtracting and reducing. 
8 
188 qt. in 23 pk. 4 qt. 
188 


Rute. —I. Divide the highest denomination as in simple 
numbers, and each succeeding denomination in the same manner, 
if there is no remainder. 


Il. If there is a remainder after dividing any denomination, 
reduce it to the next lower denomination, adding in the given num- 
ber of that denomination, if any, and divide as before. 


Ill. The several partial-quotients will be the quotient required. 


Nore. — When the divisor is large and is a composite number, we may shorten the 
work by dividing by the factors. When the divisor and dividend are both compound num- 
bers, they must both be reduced to the same denomination before dividing, and then the 
process is the same as in simple numbers. The division of a denominato fraction ts most 
readily performed by §§ 263 and 394. 
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a 4. 
t. ewt. = qr. Ib. 


hhd. 5 pt. 
12)9 58 0 19) 373 19 2 4 


5. Divide 358 A. 57 sq. rd. 6 sq. yd. 2 sq. ft. by 7. 

6. Divide 192 bu. 3 pk. 1 qt. 1 pt. by 9. 

7. How many hectoliters of grain can be put into a bin 3 
long, 2.5" wide, and 1.75" deep? How many bushels would 
such a bin hold? 

8. Divide 336 yd. 4 ft. 31 in. by 21. 

9. Divide 77 sq. yd. 5 sq. ft. 82 sq. in. by 13. 

10. Divide 678 cu. yd. 1 cu. ft. 1038.05 cu. in. by 67. 

11. Divide 1986 mi. 3 fur. 20 rd. 1 yd. by 108. 

12. Divide 12 sq. mi. 30 sq. rd. by 22}. 

Norte. — Observe that 22} =4£; hence, multiply by 2, and divide the result by 45. 

13. Divide 365 da. 6 h. by 240. 

14. A box 3, 52m long and 2.5" wide contains 27.28". How 
deep is it? 

15. Divide 3794 cu. yd. 20 cu. ft. 709} cu. in. by 33}. 

16. Divide 121 lb. 33 2315 4 gr. by 13%. 

17. Divide 28° 51! 27.765" by 2.754 

18. Divide 202 yd. 1 ft. 6% in. by 3. 

19. Divide 1950 da. 15 h. 153 min. by 100. 

20. If a town 4 miles square is divided equally into 124 
farms, how much will each farm contain ? 

21. A pile of wood containing 36.25" is 2" long and 1.5™ 
wide. How high is it? How many cords does it contain ? 

22. A cellar 48 ft. 6 in. long, 24 ft. wide, and 61 ft. deep, 
was excavated by 6 men in 8 days; how many cubic yards did 
each man excavate daily ? 

23. How many casks, each containing 2 bu. 3 pk. 6 qt., can 
be filled from 356 bu. 3 pk. 5 qt. of cherries ? 

24. If a township of land is equally divided among 288 
families, how many acres does each receive? What part of 
a section ? 
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LONGITUDE AND TIME. 


406. Every circle is supposed to be divided into 360 equal 
parts, called degrees. Since the sun appears to pass from east 
to west around the earth, or through 360°, once in every 24 
hours, it will pass through 51; of 360°, or 15° of the distance, in 
1 hour; and 1° of distance in +; of 1 hour, or 4 minutes; and 
i'of distance in ;); of 4 minutes, or 4 seconds, ete. 


TABLE OF LONGITUDE AND TIME. 


360° of longitude = 24 hours of time. | 15/’ of longitude = 1 second of time. 
15° + “ = lhour se ie aS =4minutes “ 
15! cs = Ilminute * oars A =4seconds ‘ 


Hence, the difference in longitude in degrees, minutes, and seconds is 
15 times the difference in time in hours, minutes, and seconds, respec- 
tively. 

Examples. 

407. To find the difference of longitude between two places, 

when the difference of time is known. 


1. If the difference of time between New York and Cin- 
cinnati is 41 min. 36 sec., what is the difference of longitude ? 
FIRST OPERATION. 


att sec. Sotution. —Since there are 15 times as many 
AL 36 degrees, minutes, and seconds of longitude as 
15 there are hours, minutes, and seconds of time, we 

624". 0" =a} multiply the Ee by 15. ; ; 
a 24! Ans Or, since 4 minutes of time make a difference of 
10 nS 1° of longitude, and 4 seconds of time a difference 
SECOND OPERATION. of 1’ of longitude, there will be } as many degrees 
min. sec. of longitude as there are minutes of time, and } as 
4) AL 36 many minutes of longitude as there are seconds of 


10° 24! Ans. time. 


Rue. — Multiply the difference in hours, minutes, and seconds 
of time by 15; the product will be the difference in longitude in 
degrees, minutes, and seconds. Or, 

Reduce the difference of time to minutes and seconds, and then 
divide by 4; the quotient will be the difference in longitude, in 
degrees and minutes. 
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Nores.— 1. When asin the second operation we change minutes to degrees, and seconds 
to minutes, we multiply by 60; but since we also divided by 4, and 60+4=15, the result is 
the same as though we multiplied by 15, as in the first operation, 

2. If one place is in east and tho other in west longitude, the difference of longitude is 
found by adding them, and ifthe sum is greater than 180°, it must be subtracted from 360°, 

8. Since the sun appears to move from east to west, when it is exactly 12 o'clock at one 
place, it will be past 12 o'clock at all places east, and before 12 at all places west. Hence, 
if the difference of time between two places is subtracted from the time at the easterly 
place, the result will be the time at the westerly place ; and if the differ » is added to the 
time at the westerly place, the result will be the time at the easterly place. 


2. When it is 9 o’clock at Washington, it is 8 h. 7 min. 
12 sec. at St. Louis; the longitude of Washington being 77° 3! 
west, what is the longitude of St. Louis ? 

3. The sun rises at Boston 1 h. 16 min. 4 sec. sooner than 
at New Orleans; the longitude of New Orleans being 90° 5' 
west, what is the longitude of Boston ? 

4, When it is half past 2 o’clock in the morning at ITavana, 
it is 9 h. 13 min. 24 sec. a.m. at the Cape of Good Ifope; the 
longitude of the latter place being 18° 29’ east, what is the 
longitude of Havana ? 

5. The difference of time between Valparaiso and Rome is 


5h. 86 min. 36 sec. What is the difference in longitude ? 

6. When itis 12 o’clock a. at San Francisco it is 2h. 58 min. 
13 sec. p.m. at Rochester, N.Y.; the longitude of the latter 
place being 77° 51' W., what is the longitude of San Irancisco ? 

7. Aman traveling West from Quebec, which is in 71° 13'45" 
W. longitude, finds, on his arrival at Denver, Colo., that his 
watch is 1h. 38 min. 49 sec. faster than true time at the latter 
place. If his watch has kept accurate time, what is the longi. 
tude of Denver ? 

8. A ship’s chronometer, set at Greenwich, points to 5h. 
40 min. 20 sec. p.at., when the sun is on the meridian. What 
is the ship’s longitude ? 


Nore. — Greenwich, Eng., is on the meridian of 0°, and from this meridian longitudo 
is reckoned. 


9. The longitude of Stockholm is 18° 3! 45" E.; when it is 
midnight there, it is 5 h. 51 min. 41% sec. p.m. at New York. 
What is the longitude of New York from Greenwich ? 
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408. To find the difference of time between two places, when 
their longitudes are given. 

1. The longitude of Boston is 71° 4', and of Chicago 87° 37’. 
What is the difference of time between these two places. 


FIRST OPERATION. So.urion.— By subtraction of com- 
87° 387! pound numbers we first find the differ- 
71° «At ence of longitude between the two 


= places, which is 16° 33’ Since the 
15) 16° 33! diterence of long. difference in longitude in degrees, 


1h. 6 min. 12 sec. Ans, Minutes, and seconds, is 15 times the 
difference of time in hours, minutes, 


SECOND OPERATION. and seconds, 7; of 16° 33!=1 h. 6 
16° 33! min. 12 sec., the difference in time. 
4 Or, since 1° of longitude makes a 
eee difference of 4 minutes of time, and 
64 min. 132 sec. = VY’ of longitude a difference of 4 


1h. 6 min. 12 see. Ans, seconds of time, we multiply 16° 33’, 

the differenve in longitude, by 4, and 

we obtain the difference of time in minutes and seconds, which, reduced 
to higher denominations, gives 1 h. 6 min. 12 sec., the difference in time. 


Ruxe. — Divide the difference of longitude in degrees, minutes, 
and seconds, by 15, and the quotient will be the difference of time 
in hours, minutes, und seconds. Or, 


Multiply the difference of longitude in degrees and minutes by 
4, and the product will be the difference of time in minutes and 
seconds, which may be reduced to hours. 

Nore. — When as in the second operation we change degrees to minutes, and minutes te 


seconds, we divide by 60, but since we also multiply by 4, the result ts the same as when wo 
divide by 15 in the first operation. 


2. New York is 74°, and Cincinnati 84° 26’ west longitude. 
What is the difference of time? 


3. The Cape of: Good Hope is 18° 29! east, and the Sand- 
wich Islands 155° west longitude. What is the difference of 
time ? ~ 

4. If a message is sent by telegraph without any loss of 
time, at 12 m. from London, 0° 0! longitude, to Washington, 
77° 3' west, what is the time of its receipt at Washington ? 

5. Washington is 77° 3! west, and St. Petersburg 30° 18! 
east longitude. What is their difference of time? 
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6. A steamer arrives at Halifax, 63° 35! west, at 4 o’clock 
P.M the fact is telegraphed to St. Louis, 90° 15' west, without 
loss of time. What is the time of its receipt at St. Louis ? 

7. If Pekin is 116° 28' 54" east, and San Francisco 122° 
24'15" west longitude, what is their difference of time ? 

g. If at a presidential election, the voting begins at sunrise 
and ends at sunset, how much sooner will the polls open and 
close at Portland, Me., 70° 15’ 40" west, than at Portland, 
Oregon, 122° 27' 30" west ? 

9. When it was 1 o’clock a.m., on the first day of January, 
1891, at Bangor, Me., 68°47' west, what was the time at the 
city of Mexico, 99° 5' west ? 

10. A steamer arrives at Halifax, 63° 35! west, at 4 h. 30 min. 
p.m.; the fact is telegraphed to New York, 74° west, without 
loss of time. What is the time of its receipt at New York ? 


409. To avoid the inconvenience arising from the difference 
in time between places comparatively near (as, for example, 
the difference of 12 minutes between New York and Boston), 
the following standard time divisions have been adopted by the 
railroads, and local time is now generally superseded by stand- 
ard time. 

410. Standard Time Divisions as adopted by the Railroads. — 
Fastern Sranparp. — 75th meridian. Canada, between 
Quebec and Detroit; United States east of Buffalo, New York; 
Pittsburg, Pennsylvania; Wheeling and Huntington, West 
Virginia; Bristol, Tennessee; Charlotte, North Carolina, and 
Augusta, Georgia. 

CEenTRAL STANDARD. —90th meridian. West from “ East- 
ern” limits, as above, to Broadview, Canada; to the Missouri 
River in Dakota; North Platte and McCook, Nebraska; Wal- 
lace and Dodge City, Kansas; Toyah and Sanderson, ‘Texas. 

Mountain Sranparp. — 105th meridian. West from 
“Central” limits to Heron, Montana; Ogden, Utah; Needles 
and Yuma, Arizona. 

Paciric STANDARD. — 120th meridian. West from “ Moun- 
tain” limits to coast. 
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411. As a matter of fact, standard time coincides with 
local time in very few places in the United States, and there- 
fore for accurate calculations the correction is constantly 
needed. 

Eastern Standard Time—that of the 75th meridian — coin- 

cides very nearly with local time at Potsdam and Herkimer, 
New York; Camden and Cape May, New Jersey, and Phila- 
delphia, Pennsylvania. 
, Central Standard Time— that of the 90th meridian —is prac- 
tically local time for Bessemer, Michigan; Mt. Carroll, Illinois; 
St. Louis, Missouri; Memphis, ‘Tennessee; Jackson, Mississippi; 
and New Orleans, Louisiana. 

Mountain Time is very nearly local time at Cheyenne, Wyo- 
ming; Denver, Colorado; and Las Vegas, New Mexico. 

Pacific Time is very close to local time at Reno and Carson 
City, Nevada, and Santa Barbara, California. 

While the standard meridians are exactly 15° apart, the 
belts using the several meridian times vary, according to con- 
venience, from 10° to 25° in width. ‘This results in some sin- 
gular variations. For instance, El Paso, Texas, has the same 
standard time as Savannah, Georgia, though there is a differ- 
ence of 1 h. 45 min. in local time. On the other hand, San 
Diego, California, has two hours later standard time than 
El Paso, although there is a difference of but 42 min. in local 
time. 


By knowing the meridian, which is the standard for any place, and the 
distance of the meridian from the place in degrees east or west, local time 
can be converted into standard time. 

For a place east of its standard meridian, the time of the rising or 
setting of any heavenly body may be expressed in standard time by sub- 
tracting from the almanac calendar time one minute of time for every 
15! of longitude, or 4 minutes of time for every degree of longitude that 
the place is east from the standard meridian. 

For a place west of its standard meridian, the time of the rising or 
setting of the sun or moon may be found by adding to the almanac 
calendar time one minute of time for every 15! of longitude, or 4 minutes 
of time for every degree of longitude that the place is west of the standard 
meridian. 
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412. Corrections for the following Cities. 
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Eastern STANDARD, 
7o° Longitude, 


Min, 
Bangor, Me.......—25 
Augusta, Me...... —21 
Portland, Me...... —19 
Boston, Mass...... —16 
Newport, R.I...... —14 
Providence, R.I...—14 
Concord, N.H..... —14 


Centra STANDARD, 
90° Longitude, 


Mountain STANDAnD, 
105° Longitude, 


Cleveland, Ohio. . 

Columbus, Ohio. .—28 
Detroit, Mich....—28 
Toledo, Ohio..... —26 
Dayton, Oliio....—23 


Cincinnati, Ohio . —22 
Louisville, Ky.... 


Min. 
Denver Col... 


SaltLakeCity ,Utah +28 
Pacirio STANDARD, 
120° Longitude, 
Sacramento, Cal...+ 6 
San Francisco, Cal.+10 


1, Buffalo is about 79° west longitude. 


What is the 


difference between standard time and actual time in that 


city ? 


2. Cincinnati is 84° 26’ west longitude. 


When it is noon by 


actual time, what is the hour by standard time ? 
3. Washington is 77? 3’ west longitude. When it is noon 


by standard time, what is the actual time ? 
4. What is the longitude of Bangor ? 


Of Newport? Of 


Louisville? Of Detroit? Of San Francisco ? 
Nore. — Refer to table of corrections. 
5. When the sun rises in Boston at 6 o’clock in the morning, 

as indicated by the almanac, at what hour does’ it rise by 


standard time ? 


6. The longitude of Springfield, Mass., is 72° 35'45" W., 


and of Galveston, Tex., 94° 50' W.; when it is 20 min. past 
6 o’clock a.m. at Springfield, what time is it at Galveston ? 
What is the difference between the actual time and standard. 
time ? 

7. The longitude of Boston, Mass., is 71° 4’ W., and of San 
Francisco, Cal., 122° 24’ W. When it is noon at Boston, what 
time is it at San Francisco? What is the difference between 
the actual time and standard time ? 
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413. Miscellaneous Examples in Denominate Numbers. 


How much will 3 ewt. 12 lb. of hay cost at $154 a ton? 
How many grains are 9 lb. 83 1325 19 gr.? 

How many English ells are there in 27 yd. 2 qr.? 
Reduce $ 18.945 to sterling money. 


Po nN 


5. In 4 yr. 48 da. 10 h. 45 sec. how many seconds are 
there? 

6. How many printed pages, 2 pages to each leaf, will 
there be in an octavo book having 24 fully printed sheets ? 

7. At 1/6 sterling per yard, how many yards of cloth may 
be bought for £5 6s. 6d.? 

8. In 4 mi. 51 ch. 73 1. how many links are there ? 

9. In 22 A. 153 sq. rd. 24 sq. yd. how many square yards 
are there ? . 

10. How many demijohns, each containing 3 gal. 1 qt. 1 pt., 
ean be filled froin 5 hhd. of vinegar ? 

11. Aman sent a silver tray and pitcher, weighing 3 lb. 9 0z., 
to a jeweler, and ordered them made into teaspoons, each weigh- 
ing 1 oz. 5 pwt.; how many spoons ought he to receive, mak- 
ing no allowance for waste ? 

12. What part of 4 gal. 3 qt. is 2 qt. 1 pt. 2 gi.? 

13. Reduce # of 4; of a rod to the fraction of a yard. 

14. What must be the depth of a bin 1™ wide and 2™ deep 
to contain 6200! of grain ? 

15. How many yards of carpeting 1 yd. wide will be required 
to cover a floor 26} ft. long and 20 ft. wide? 

16. If I purchase 15 T. 3 ewt. 3 qr. 24 Ib. of English iron, 
by long ton weight, at 6 cents a pound, and sell the same at | 
$140 per short ton, how much do I gain by the transaction ? 

17. What will be the expense of plastering a room 40 ft. 
long, 36} ft. wide, and 221 ft. high, at 18 cents a sq. yd., allow- 
ing 1875 sq. ft. for doors, windows, and baseboard ? 

18. How much tea is there in 23 chests, each weighing 78 
Ib. 9 02. ? 
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19. Valparaiso is in latitude 33° 2’ south, and Mobile 30° 41' 
north; what is their difference of latitude ? 

20. If a druggist sells 1 gross 4 dozen bottles of Congress 
water a day, how many will he sell during the month of July ? 

21. If I use 15 kilograms of coal a day, how many tons will 
I use at that rate in a year? 

22. Highteen buildings are erected on an acre of ground, 
each occupying, on an average, 4 sq. rd. 120 sq. ft. 84 sq. in.; 
how much ground remains unoccupied ? 

23. At $13 per ton, how much hay may be bought for 
$ 12.024? 

24. If 1 pk. 4 qt. wheat cost $.33, how much will a bushel 
cost? 

25. Find the degree of the angle which the hour and minute 
hands of a clock form at 5 o’clock. 


Sotution.— The minute hand will be at 12.. Since the hour hand 
travels 360° in twelve hours, it travels 30° every hour, hence at 5 o’clock 
it will make an angle of 5 x 30° with the minute hand. 


26. Find the degree of the angle which the hour and minute 
hands make at 2 o’clock. At 3, 4, 6, 7, 8, 9, 10, 11. 

27. How many bushels are there in 36000 Ib. of wheat ? 

28. At what times between 4 and 5 o’clock will the hour 
and minute hands of a clock form a straight line? A right 
angle? An angle of 45°? 

29. At 20 cents a cubic yard, how much will it cost to dig a 
cellar 32 ft. long, 24 ft. wide, and 6 ft. deep? 

30. If the wall of the same cellar is laid 14 feet thick, what 
will it cost at $1.25 a perch? 

31. The forward wheels of a wagon are 10 ft. 4 in. in cireum- 
ference, and the hind wheels 15} ft.; how many more times 
will the forward wheels revolve than the hind wheels in 
running from Boston to New York, the distance being 248 
miles? 

$2. A man bought 15 cwt. 22 lb. of rice at $3.75 a ewt., and 
T cwt. 36 lb. of pearl barley at $4.25 a ewt. How much would 
he gain by selling the whole at 4} cents a pound ? 
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33. If a barometer shows the pressure of air at a certain 
place to be 34 in., to what point would the mercury rise in 
another barometer which registers in millimeters at the same 
place ? 

34. From $ of 3 ., 10 ewt. subtract +4; of 7 T. 3 ewt. 26 Ib. 

35. What is the value in avoirdupois weight of 16 lb. 5 oz. 
10 pwt. 13 gr. Troy ? 

36. What decimal of a rod is 1 ft. 7.8 in. ? 

37. If a piece of timber is 9 in. wide and 6 in. thick, what 
length of it will be required to make 3 cu. ft.? 

38. Ifa board is 16 in. broad, what length of it will make 7 
sq. ft.? 

39. How many tons are there in a stick of hewn timber 60 
ft. long, and 1 ft. 9 in. by 1 ft. 1 in.? 


40. Subtract = ie ¢ bu. + § of $$ of 34 qt. from 5 bu. 344 qt. 


41. How m: ot 7 pounds of. silver, Troy weight, are equiva- 
lent in value to 5.6 lb. of gold by the English government 
standard ? 

42. A grocer bought 275 bu. of corn at $.75 a bushel and 
sold it at $3 a hectoliter. How much did he gain? 

43. Ifa piece of gold is § pure, how many carats fine is it? 

44. In gold 16 carats fine what part is pure and what part 
is alloy ? 

45. A man having a piece of land containing 384% A., 
divided it between his two sons, giving to the elder 2 2A. 
60 sq. rd. more than to the younger. How many acres did he 
give to each? 

46. If a boy walks 80™ a minute, how many miles an hour 
will he walk at the same rate ? 

47. The great pyramid of Cheops measures 763.4 feet on 
each side of its base, which is square. How many acres does it 
cover ? 

48. The roof of a house is 42 ft. long, and each side 20 ft. 
Gin. wide. What will the roofing cost at $4.62} a square ? 
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49. If a man buys 10 hectoliters of chestnuts at $13 a 
hectoliter, and sells them at $5.50 a bushel, how much does he 
gain ? 

50. If 17 T. 15 ewt. 62} 1b. of iron cost $1333.593, how 
much will 1 ton cost ? 

51. A cubic foot of distilled water weighs 1000 ounces avoir- 
dupois. What is the weight of a liquid gallon ? 

52. There is a house 45 feet long, and each of the two sides 
of the roof is 22 feet wide. Allowing each shingle to be 
4 inches wide and 15 inches long, and to lie one third to the 
weather, how many half thousand bunches will be required to 
cover the roof ? 

53. A cistern measures 4 ft. 6 in. square, and 6 ft. deep; how 
many hogsheads of water will it hold ? 

54. If the driving wheels of a locomotive are 18 ft. 9 in. in 
circumference, and make 8 revolutions in a second, how long 
will the locomotive be in running 150 miles ? 

55. In- traveling, when I arrived at Louisville my watch, 
which was exactly right at the beginning of my journey, anda 
correct timekeeper, was 1 h. 6 min. 52 sec. fast. rom what 
direction had I come and how far ? 

56. How many U.S. bushels will a bin contain that is 8.5 ft. 
long, 4.25 ft. wide, and 3% ft. deep ? 

57. Reduce 3 hhd. 9 gal. 3qt. liquid measure to Imperial 
gallons. 

58. A man owns a piece of land which is 105 ch. 85 1. long, 
and 40 ch. 151. wide; how many acres does it contain ? 

59. A and B own a farm together; A owns 4%, of it and B 
the remainder, and the difference between their shares is 15 A. 
681. sq. 1d. What is B’s share ? 

60. At $3.40 per square, what will be the cost of tinning 
both sides of a roof 40 Ke in length, whose rafters are 20 ft. 6 in. 
long? 

61. If a horse eats 2.5"! of oats in a week, how long will 
12 bushels last him ? 
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62. What .s the value of a farm 189.5 rd. long and 150 rd. 
wide, at $31} per acre ? 

63. Reduce 9.75 tons of hewn timber to feet, board measure; 
that is, 1 in. thick. 

64. How many gallons will a tank contain that is 4 ft. long, 
34 ft. wide, and 2% ft. deep ? 

65. If a load of wood is 12 ft. long, and 3 ft. 6 in. wide, how 
high must it be to make a cord ? 

66. The scale of a map of New York State is 1™ to 5*®™, 
The distance between two places on this map measures 12. 
What is their actual distance in miles ? 

67. In a schoolroom 32 ft. long, 18 ft. wide, and 12 ft. 6 in. 
high, there are 60 pupils, each breathing 10 cu. ft. of air in a 
minute. In how long a time will they breathe as much air as 
the room contains ? 


68. A man has a piece of land 2013 rods long and 41}rods 
wide, which he wishes to lay out into square lots of the greatest 
possible size. How many lots will there be ? 


69. A man has 4 pieces of land, containing 4 A. 140 sq. rd., 
6 A. 132 sq. rd., 9 A. 120 sq. rd., and 11 A. 112 sq. rd. respec- 
tively. It is required to divide each piece into the largest 
sized building lots possible, each lot containing the samé area, 
and an exact number of square rods. How much land will 
each lot contain ? 


70. How many perches of masonry are there in the wall of 
a cellar which is 20 ft. square on the inside, § ft. high, and 
14 ft. in thickness ? 

71. A vessel set sail from New York, and proceeded in a 
southeasterly direction for 24 days. The captain then took an 
observation of the sun, and found the local time at the ship’s 
meridian to be 10 h. 4 min. 36.8 sec. Aa. At the moment of 
the observation, his chronometer, which had been set for New 
York time, showed 8 h. 53 min. 47 sec. A.m. Allowing that the 
chronometer had gained 3.56 sec. per day, how much had the 
ship changed her longitude since she set sail ? 


PRACTICAL MEASUREMENTS. 
LUMBER. 
Boarps, TIMBER, ETC. 


414, The unit of measure for boards, timber, plank, and 
joist is a square foot, 1 inch in thickness, which is called a 
Board Foot. 


In Board Measure all boards are assumed to be 1 inch thick unless 
otherwise specified. All boards over 1 inch in thickness to 1} inches are 
reckoned as 1} inches; over 1} to 1} inches as 1} inches; 1} to 2 inches 
as 2 inches; oyer 2 inches according to their thickness. ‘Thus a board 1} 
inches thick is equal to 1} boards of the same size 1 inch thick; anda 
board 2 inches thick is equal to 2 boards of the same size | inch thick. 

In practice the width of a board is reckoned only to the next smaller 
half-inch. Thus a width of 6$ is reckoned as 5 inches; a width of 5} is 
reckoned as 5} inches. 


415. Since a board foot is only +4; of a foot thick, it contains 
1x Lx ps =7, cw. ft.; hence it takes 12 board feet to make a 
cubic foot. Board feet are therefore changed to cubic feet by 
dividing by 12, and cubic feet are changed to board feet by 
multiplying by 12. 

416. Lumber and Sawed Timber, as plank, scantling, ete., are 
usually estimated in board measure, Hewn and Round Timber 
in cubic measure. 

Examples. 
417. To find the square contents of boards, joists, etc. 


1. Find the contents of a board 15 ft. long, 8 in. wide. 


OPERATION. Sorution. — Since 8 in. is ;8; of a 

15x8+12=10 board ft. Ans. foot, we multiply 15 by |8; and obtain 

the number of board feet, or we may 

multiply 16 by 8 and divide the result by 12, and the answer is 10 board 
feet. i 
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2. What are the contents, in board measure, of a joist 16 ft. 
long, 10 in. wide, and 3 in. thick? 


OPERATION. So.ution. —If the board 


3x10 x 16 +12 =40 bd. ft. Ans. were 1 in. thick, the square 

contents would be 16 x }$ or 
16 x 10 + 12 board feet; but since it is 3 in. thick it contains 3 times as 
many board feet or 3 x 10 x 16 + 12= 40 board feet. 


Rue. — Il. When lumber is not more than 1 inch thick, multiply 
the length in feet by the width in inches, and divide the product by 
12. 

II. When it is more than 1 inch thick, multiply the length in 
Jeet by the product of the width and thickness in inches, and 
divide the continued product by 12. 

3. How many board feet are there in 4 boards 16 ft. long, 
10 in. wide? 
4. How many board feet are there in 2 joists 17 ft. long, 
11 in. wide, and 3 in. thick? 
5. Find the contents of a board 18 ft. long, 1 ft. 8 in. wide 
at one end, and 14 in. at the other. 
OPERATION. 


20 in. + 14 in. + 2=17 in.; 18 x 17 +12 = 25} bd. ft. Ans. 


6. Find the cost of 5 boards 12 ft. long, 17 in. wide at one 
end, and 11 in. at the other, at 6 cents per board foot. 

7. How many board feet are there in a stick of timber 
36 ft. long, 10 in. thick, 12 in. wide at one end, and 9 in. wide 
at the other end? 

8. Find the cost of 10 planks, each 15 ft. long, 16 in. wide, 
and 3} in. thick, at $2.25 per hundred feet. 

9. Find the cost of 3 pieces of timber, each 26 ft. long and 
6 in. by 9 in., at $1.75 per hundred board feet. 

10. Find the cost of 8 pieces of scantling, 3 in. by 4 in. and 
14 ft. long, at $9.50 per thousand board feet. 

11. Find the cost of 36 boards, 12 ft. long, 11 in. wide, @ 
$24 per C. 
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12. Find the cost of 16 planks, 14} ft. long, 10 in. wide, and 
3 in thick, @ $16} per M. 

13. A rectangular field, 16 ch. long and 8 ch. wide, is in- 
closed by a post and board fence; the posts are set 8 ft. apart, 
the boards are 16 ft. long, and the fence is 5 boards high. The 
bottom board is 12 in. wide, the top board is 6 in., and the 
other three 9 in. wide. The posts cost $25 per C., and the 
boards $14.80 per M. Required the number of posts, the amount 
of lumber, and the cost of both. 


418. To find the length or width of board feet when one dimen- 
sion is given. 

1. What length of board § in. wide contains 10 board feet, 
and what width of board 15 ft. long contains 10 board feet ? 


OPERATION. So.ution. —Since a board foot is the 


10 x12 +8=15 ft., length. product of the length in feet by the width 
in inches, divided by 12, if we multiply 
10 x 12+15=8 in., width. the product, 10 board feet, by 12 and 
divide the result by the width in inches, 
8, we have the length in feet, 15 ft. ; or if we divide the result by the 
Jength in feet, 15, we have the width in inches, 8 in. 


Rure. — Multiply the number of board feet by 12. Divide the 


product by the width in inches to obtain the length in feet, or by the 
length in feet to obtain the width in inches. 


2. What length of board 9 in. wide contains 8 board feet ? 

3. What length may be cut from a board 15 ft. long and 
20 in. wide, so as to leave 15 board feet ? 

4, What must be the width of a board 16 ft. long, to contair 
8 board feet ? 

5. What must be the width of a piece of board 5 ft. 3 in 
long, to contain 7 board feet ? 

6. What must be the width of a board 18 ft. long to contair 
15 board feet ? 

7. What length may be cut from a board 25 ft. long and 
24 in. wide so as to leave 20 board feet ? 
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419. To find the third dimension when the cubic contents and 
the other two dimensions are given. 
1. What length of a piece of timber 6 in. by 9 in, will 


contain 3 cubic feet ? 
OPERATION. 


1728 x 3+9x6=96; 96+12=8 ft., length Ans. 

Rue. — Multiply the contents in cubic feet by 1728; divide 
the result by the product of the two known dimensions expressed 
in square inches; and divide this quotient by 12 to express the 
answer in feet. 

2. A piece of timber is 10 in. by 16 in. What length of it 
will contain 15 cubic feet? 

3, What amount of inch lumber will make (by dovetail- 
ing) a box 4 ft. by 3 ft. 6 in. by 2 ft. 6 in. on the outside ? 

Logs. 


420. Round Logs are estimated by the square lumber that 
can be cut from them. ‘Che number of board feet in a log 
16 ft. or less in length is ascertained as follows: 

Rute. — From the square of the diameter of the smaller end 
subtract twice this diameter. Take 5 of the remainder, and the 
result will be the number of board feet in a log 1 ft. long. 


Nore. — The diameter of the smaller end is always taken as a basis, 


Examples. 
421. 1. Find the number of board feet in a log § ft. long 
whose smaller diameter is 25 in. 
OPERATION. 
[25°—(2 x 25)] x ly x 8 = 241.5 board feet. Ans. 
Find the number of board feet in the following logs: 


Length. Diameter. Length. Diameter. 
2. 6 ft. 14 in. Ge (san alt) ins 
3. 13 ft. 13 in. 7. 15 ft. 17 in. 
4. 16 ft. 24 in. 8. 11 ft. 18in. 
5. 10 ft. 20 in. 9. 12 ft. 16 in. 
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MASONRY AND PAVING. 


422. Masonry is estimated by the cubic foot, and by the 
perch; also by the square foot and the square yard. 

423. Materials are usually estimated by cubic measure; the 
work by cubic or squave measure. 

424, A Perch of stone or of masonry is 16} ft. long, 14 ft. 
wide, and 1 ft. high, and is equal to 24.75 cu. ft. When stone 
is built into a wall, 22 cu. ft. make a perch, 23 cu. ft. being 
allowed for mortar and filling. 

425. Embankments and Excavations are estimated by the 
cubic yard. A cubic yard of common earth is called a load. 


426. Brickwork is generally estimated by the thousand bricks ; 
sometimes in cubic feet. In walls, brickwork is estimated at 
the rate of a brick and a half thick. 


North River bricks are 8 in. x 34 x 24; Maine bricks are 7} in. x 
3} x 23; Philadelphia and Baltimore bricks are 8} in. x 4} x 2$; and 
Milwaukee bricks, 8} in. x 4} x 2}. 

In estimating material, allowance is made for doors, windows, and 
corners. The length and breadth of a corner are each equal to the thick- 
ness of the wall. 

In estimating the work, masons measure each wall on the outside, 
and ordinarily no allowance is made for doors, windows, and corners ; 
but sometimes an allowance of one half is made, this being, however, a 
matter of contract. 


Examples. 

427. To find the number of bricks in a cubic foot of masonry. 

Rurx.—I. Add to the face dimensions of the kind of bricks 
used, one half the thickness of the mortar or cement in which they 
are laid, and compute the area. 

IL. Multiply this area by the quotient of the thickness of the 
wall divided by the number of bricks of which it is composed; the 
product will be the volume of a brick and its mortar in cubic 
inches. 

UI. Divide 1728 by this volume, and the quotient will be the 
number of bricks in a cubic foot. 
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1. How many Milwaukee bricks are there in a cubic foot of 
wall 12$ in. thick, laid in courses of mortar 4 of an inch thick ? 
OPERATION, 

8.5 4+(25 x2 x 2 2 +2) = 8.75 in. = length of brick and mortar. 
+ 2) = 2.625 in. = height of brick and mortar. 

6875 sq. in. = area of its face. 

12.75 + 4. 125 + .25 x 2 + 2) = 2.9 + bricks, therefore the wall must be 
38 bricks thick. 

12.75 + 3 (number of bricks in thickness of wall) = 4.25 in. = width of 
brick and mortar. 

22.96875 x 4.26 = 97.617 + = cubic inches in a brick. 

1728 = 97.617 + = 17.7 + = number of bricks in a cubic foot. Ans. 


2. How many bricks, 8 in. x 4 x 2, will be required to build 
a wall 42 ft. long, 24 ft. high, and 16} in. thick, laid in courses 
of mortar } of an inch thick ? 


428. To find the perches of stone required. 

Rure.—I1. Multiply the number of cubic feet in the wall, or 
work to be done, by the number of bricks in a cubic foot; the 

* product will be the number of bricks required. 

Il. Divide the number of cubic feet in the work to be done by 
24.75; the quotient will be the number of perches. 

1. How many perches of stone, laid dry, will build a wall 
60 ft. long, 16} ft. high, and 18 in. thick? 

2. How many perches of masonry are there in a wall 120 ft. 
long, 6 ft. 9 in. high, and 18 in. thick ? 

3. What will be the cost of building a wall 60 ft. long, 
21% ft. high, and 17 in. thick, of Philadelphia bricks, laid in 
courses of mortar 4+ of an inch thick, at $124 per M.? 

4. A street 650 ft. long and 72 ft. wide, averages 4.5 ft. 
below grade. Jind the cost of filling it in, at $.42 a cu. yd. 

5. How much will it cost to pave a sidewalk 250 ft. x 12 ft. 
with N. R. bricks, 42 to a square yard, laid flat, at $9 per M.? 

6. Find the cost of digging and walling the cellar of a house, 
whose length is 41 ft. 3 in. and width 33 ft.; the cellar to be 
8 ft. deep and the wall 11 ft. thick, if the excavating costs $.50 
a load, and the stone and mason work $3.75 a perch. 
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CAPACITY OF BINS, CISTERNS, ETC. 


429. The Standard Bushel of the United States contains 
2150.42 cubic inches, and is a cylindrical measure 18} inches 
in diameter and 8 inches deep (§ 315). 


Measures of capacity are all cubic measures, solidity and capacity 
being measure 1 by different units, as seen in the tables. 

Grain is shipped from New York by the quarter of 480 Ib. (8 U.S. 
bu.), or by the ton of 33} U.S. bushels. 

It is sufficiently accurate in practice to call 5 stricken measures equal 
to 4 heaped measures. 

Ordinary anthracite coal measures from 386 to 40 cu. ft. to the ton; 
bituminous coal, from 36 to 45 cu. ft. to the ton. 

Lehigh, white ash, egg size, measures about 34} cu. ft. to the ton 
(2000 Ib.); Schuylkill, white ash, 35 cu. ft.; and gray or red ash, 36 
cu. ft. to the ton. 

Coal is bought and sold in large quantities by the ton; in small 
quantities by the bushel, the conventional rate being 28 bu. (5 pecks) toa 
ton, or about 43.5 cu. ft. 


430. Gauging is the process of finding 
the capacity or volume of casks and other 
vessels. 


Notr. — For ordinary purposes the diagonal rod is used, 
which gives only approximate results, 


Examples. 


431. To find the exact capacity of a bin in bushels. 

Ruie.—I. Divide the contents in cubic inches by 2150.42; 
the quotient will represent the number of bushels. 

Since a standard bushel contains 2150.42 cu. in., and a eubie foot con- 
tains 1728 cu. in., a bushel is to a cubic foot nearly as 5 to 4; or a bushel 
is equal to 1} cu. ft. nearly. Hence for all practical purposes, 

Il. Any number of cubic feet diminished by 4 will represent 
an equivalent number of bushels. 


Thus, 250 cu. ft.—} of 250 cu. ft. = 200, the number of bushels in 
250 cu. ft. 


Ill. Any number of bushels increased by 4 will represent an 
equivalent number of cubic feet. 
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Thus, 200 bu. + } of 200 bu. = 250, the number of cubic feet in 200 
bushels. 


1. How, many bushels of wheat can be put into a bin 8 ft. 
long, 6 ft. 6 in. wide, and 3 ft. 4 in. deep? 
2. What must be the depth of a bin to contain 240 bu., its 
length being 10 feet and its width 5 feet ? 
OPERATION. 


240 bu. + 60 bu. = 300. 300 +10 x 5=6 ft., the depth Ans. 


Rue. — Divide the contents in cubic feet or inches by the prod- 
uct of two dimensions in the same denomination. 


3. What must be the length of a bin that is 6 feet wide 
and 4} feet deep to contain 524 bushels ? 


4. How many bushels of apples will a bin hold that,is 12 ft. 
long, 3ft. wide, and 2 ft. Gin. deep? How many of barley ? 


5. A bin 20 ft. long, 12 ft. wide, and 5 ft, deep is full of 
wheat. What is its value at $2 a bushel? 


6. A bin 7 ft. long, 6 ft. wide, and 5 ft. deep is } full of rye. 
What is its value at $1.37} a bushel ? 


7. A erib, the inside dimensions of which are 15 ft. by 7 ft. 
4in. by 8 ft., is full of corn in the ear. If 2 bushels of ears 
make 1 bushel of shelled corn, what is the value of the whole, 
when shelled, at $.92 a bushel ? 


8. If 1 bu. or 60 1b. of wheat make 48 lb. of flour, how many 
barrels of flour can be made from the contents of a bin 10 ft. 
long, 5ft. wide, and 4 ft. deep, filled with wheat ? 


9. How many tons of red ash coal, egg size, will a bin 
17 ft. long, 6 ft. wide, and 3 ft. deep contain ? 


10. Dunkley & Co. bought 12400 bu. of wheat, delivered in 
New York at $1.50 a bushel. They shipped the same to 
Liverpool, paying 6s. sterling per quarter freight, and sold the 
entire cargo at 12s. per cental. Making no allowance for ex- 
change or for waste, what was the gross gain in U.S. money, 
the £ being valued at $ 4.8664? 
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11. A bin Gft. long, 4 ft. deep, and 5 ft. 9in. wide is full of 
Lehigh white ash coal. Find its value at $6.75 a ton. 

12. Find its value if full of Schuylkill white ash, at $5.90 
aton. If full of Schuylkill red ash at $5.50 a ton. 


13. What is the weight of 225 cu. ft. of water? 


432. To find the exact capacity of a vessel or space in gallons. 
Rute.— Divide the contents in cubic inches by 231 for liquid 
gallons, or by 268.8 for dry gallons. 
1. How many gallons of water will a cistern hold, that is 
4 feet square and 6 feet deep ? 
OPERATION. 
(4x4 x 6 x 1728) + 231 = 71819 gal., capacity Ans. 


2. How many cubic feet are there in a space that holds 
48 hhd. ? 

3. How many hogsheads will a cistern 11 ft. long, 6 ft. 
wide, and 7 ft. deep contain ? 

4. How many gallons will a space, contain that is 22.5 ft. 
long, 3.25 ft. wide, and 6.4 ft. deep ? 

5. A man constructed a cistern to hold 32 hogsheads, the 
bottom being 6 ft. by 8 ft. What was its depth ? 

6. A tank in the attic of a house is 6 ft. 6 in. long, 4 ft. 
wide, and 3 ft. 6 in. deep. How many gallons of water will 
it hold? 

7. If 64 quarts of water are put into a vessel that will 
exactly hold 64 quarts of wheat, how much will the vessel 
lack of being full ? 

8. If aman buys 10 bu. of chestnuts at $5 a bushel, dry 
measure, and sells the same at 25 cents a quart, liquid measure, 
how much does he gain ? 

9. A cistern 5 ft. by 4 ft. by 3 ft. is full of water. If it is 
emptied by a pipe in 1 hr. 30 min., how many gallons are 
discharged through the pipe in a minute ? 
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10. A vat that will hold 5000 gallons of water, will hold 
now many bushels of corn? 

11. A cellar 40 ft. long, 20 ft. wide, and 8 ft. deep is half 
full of water. What will be the cost of pumping it out, at 
6 cents a hogshead ? 

12. A reservoir 24 ft. 8 in. long by 12 ft. 9 in. wide is full 
of water. How many cubic feet must be drawn off to sink the 
surface 1 foot? How many gallons? 


438. To find the volume of a cask in gallons. 


Rurte.—I. To jind approximately the mean diameter of a 
cask, add to the head diameter 2, or, if the staves are but little 
curved, .G of the difference between the head diameter and the bung 
diameter. 

IL. To find the volume of a cask in gallons, multiply the square 
of the mean diameter by the length (both in inches), and this prod- 
uct by .0054. 


1. How many gallons are there in a cask whose head diam- 
eter is 24 inches, bung diameter 30 inches, and its length 34 
inches ? 

OPERATION. 
24 + (30 — 24 x 2) = 28 in., mean diameter. 
28? x 34 x .0034 = 90.63 gal., capacity Ans. 


2. What is the volume of a cask whose length is 40 in., the 
diameters being 21 and 30 in., respectively ? 

3. How many gallons are there in a cask of slight curva- 
ture, 3 ft. 6 in. long, the head diameter being 26 in., and the 
bung diameter 51 in. ? 

4. Find the number of gallons in a cask with curved staves, 
the head diameter being 4 ft., bung diameter 4 ft. 6 in., and 
length 6 ft. 6 in. 

5. What are the number of gallons in a cask having staves 
slightly curved from bung to head, the length being 20 in., the 
bung diameter 15 in., and head diameter 12 in. ? 


ROB. NEW HIGHER AR. - -17 


ee ee ee eee 


es 


258 PRACTICAL MEASUREMENTS. 


PLASTERING, PAINTING. KALSOMINING. 


434. Plastering, painting, and kalsomining are generally 
computed by the square yard. 

The processes of calculating the cost of plastering, painting, and kalso- 
mining vary so much in different localities that it is impossible to lay 
down any rule. Usually some allowance is made for doors, windows, etc., 
on which no work is done; but sometimes the measurements of walls are 
taken regardless of such openings. At other times, one half the area of 
the openings is deducted. 


Examples. 


435. 1. How much would it cost to plaster the walls and ceil- 
ing of a room 16 ft. long, 15 ft. wide, and 11 ft. high, in which 
there are 2 doors, 2 ft. Sin. by 7 ft., and 2 windows, 2 ft. 10 in. 
by 6 ft. 2 in., at $.37 a sq. yd., deducting half the area for 
doors and windows ? 


OPERATION Sotution.—Two of the walls 
2x16 x11 = 352 will be 16 x 11 ft., two, 15 x 11 ft., 
2x15 x 11 = 330 ane the Se x ee See 

sese, we find the total area to be 

16 x15 = 240 922 sq. ft. The area of the two 
Lotal area, 92 922 2 sq. ft. doors will be twice 7 x 23 ft, and 
2x2 23 x T=37.3 of the two windows tw 25 x 62 
2x 25 x6. = 34.9 ft. Adding these, the area of “doors 
72.2 9+ 9— 361 and windows is 72.2. We deduct 


half this area, 36.1, from 922, divide 


sq. ft. area to be deducted. the remainder, 885.9 sq. ft., by 9, to 


im 36.1 = $85.9 sq. ft. reduce it to square yards, multiply 
885.9 +9 = 98.4 sq. yd. $.37 by the result, 98.4 sq. yd.,and 


98.4 x $.387 = $3641 Ans. find the answer $36.41. 

2. How much would it cost to plaster the walls and ceiling 
of a room 12 ft. long, 17 ft. wide, and 10 ft. high, at $.35 a 
sq. yd., making no allowance for openings ? 

3. How much will it cost to kalsomine a hall 6 ft. 6 in. by 
27 ft. by 11 ft., with two coats, at 3¢ a sq. yd. each? 

4. How much will it cost to paint the walls and ceiling of a 
room 18 ft. long, 14 ft. wide, 9 ft. high, with 3 coats, at $ .07 
a sq. yd. each, making no allowance for openings ? 
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PAPERING. 


436. Wall paper is sold only by the roll, and any part of a 
roll is considered a whole roll. 

American paper is commonly }a yard wide, and has 8 yards ina 
roll. Foreign papers vary in width and length to the roll. Borders and 
friezes are sold by the yard, and vary in width from 3 inches to 18 
inches. 

Paper is also often put wp in double rolls which are 16 yards long and 
therefore equal to two single rolls 


It is not possible to find in advance the exact cost of papering a room, 
since there is frequently much waste, and a paper hanger will charge for 
the number of rolls actually used in doing the work; but it is well to 
make an approximate estimate. 


Examples. 


437. 1. How much would it cost to paper the walls of a 
room 12 feet long, 9 feet wide, and 8 feet high from baseboard 
to ceiling, with paper 8 yards long, and 4 a yard wide, costing 
$ .30 a roll? 


OPERATION. Sotution. — The distance around the 
2x 12 = 24 room is 2 x 12 ft.+ 2x 9 ft. = 42 ft. 
2c 19)= 18 = 14 yd. = 28 half-yards, the number of 
42 ft. strips required. Since the height is 8 

i ft., and there are 24 ft. on a roll, 1 roll 
Pies — 14 yd. = : will make 3 strips; and it will take as 
28 half-yards, or strips. many rolls to make 28 strips as 3 is 


24 + 8 =3 strips toa roll. contained times in 28, which is 9+. 
28 +3=9-+, or 10 rolls, Therefore, 10 rolls will be required. At 
$.30 x 10 = $3.00 Ans. $.30 a roll, they will cost 33.00. 


Rue. —I. Ind the entire distance around the room in yards. 
Multiply this by 2 to find the number of half-yards, or strips, since 
the paper is only half a yard wide. 

II. Divide the number of half-yards by the number of strips 
that can be cut from a roll, and the result will be the number of 
rolls required. 


Nore. — Since there are 24 ft. in a roll 8 yd. long, if the distance from baseboard to 
ceiling {s 8 ft. or less, 3 strips can be cut from a roll; if more than § ft., and not more than 
12 ft, 2; ete. In the former case the divisor would be 3; in the latter, 2. 
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2. How many double rolls of paper 16 yd. long, } yd. wide, 
will be required to paper the walls of a room 30 ft. long, 30 ft. 
wide, and 12 ft. from baseboard to ceiling ? 


3. Find the cost of papering a room 16 ft. long, 15 ft. wide, 
and 11 ft. high, with American paper 8 yd. long, and } yd. 
wide, at $.50 a roll, allowing 1 ft. for baseboard, and making 
no deductions for openings. 


4. How many rolls of paper 8 yd. long and }, yd. wide will 
be required to paper the walls of a room 25 ft. long and 15 ft. 
wide, and 10 ft. from baseboard to ceiling, allowing for two 
doors, 9 ft. by 4 ft., and one window, 6 ft. by 7 ft. ? 


5. At $.35 a roll, what will be the cost of papering the 
walls: and ceiling of a room 18 ft. long, 14 ft. wide, and 10 ft. 
high, making no allowance for openings, the baseboard being 
9 in. high ? 

6. How many rolls of paper, 8 yd. long and 4 yd. wide, will 
be required to paper the walls of a room 20 ft. long, 16 ft. 
wide, and haying a height of 10 ft. from the baseboard to the 
ceiling, allowing for one door 3 ft. by § ft., and for two windows, 
each 3 ft. by 6} ft.? 

7. Find the cost of papering a room 20 ft. long, 18 ft. wide, 
10 ft. high from baseboard, with paper 20 in. wide, 16 yd. in 
a roll, at $3.25 a roll, and a border at 25 cents per running 
foot; allowing for a fireplace 4} ft. by 3} ft., a door 7 ft. by 4 
ft., and 2 windows, each 6 ft. by 4 ft., but making no allowance 
for border. 


8. Find the cost of papering a room 25 ft. long, 19 ft. wide, 
10 ft. high from baseboard to ceiling, with paper 4 yd. wide, 
8 yd. in a roll; at $.85 a roll; allowing for 2 doors, each 7 ft. 
high, 3 ft. wide, and for 3 windows, each 5 ft. 9 in. high and 
34 ft. wide. 

9. Find the cost of papering a room 18} ft. long, 16} ft. 
wide, ‘and 12 ft. high with American paper 8 yd. long and 4 yd. 
wide, at $.75 a roll, allowing 1 ft. for baseboard, and making a 
deduction of $3.00 for doors and openings. 
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CARPETING. 


438. Carpets are usually 1 yd. wide or 3 yd. wide, and are 
sold by the yard. 


Nore. — We cannot often estimate the amount needed by finding the squaro yards in o 
floor, as there may be waste in matching or in turning under, 


Examples. 


439. 1. How many yards of carpet 3 yd. wide will be needed 
for a room 20 ft. long by 13} ft. wide, if the strips run length- 
wise? How much if the strips run across the room ? 


OPERATION. So.urron. —Since the carpet 

18} ft. = 162 in. 20 ft.—= 240 in. is 27 in. wide and the room 13} 
162 + 27 =6 strips. ft. or 162 in. wide, when laid 
HY ay P lengthwise we shall need 6 

240 + 36 = 63, length of strips. breadths of carpet of the re- 
6 x 62 = 40 yd., lengthwise. Ans. quired length. And since the 
240 +27 =8 + =9 strips. room is 20 ft. or 240 in. long, 


Ra “ a hye it will take as many yards for 
162 + 36 =4 by length of strips. each breadth as 36 ths Gf lyd., 
9x 44=40} yd., crosswise. Ans. js contained times in 240 in., 

or6%yd. Hence for6 breadths, 
or strips, it will require 6 x 6} yd., or 40 yd. 

If laid crosswise, we shall need as many strips as 27 in., the width of 
the carpet, is contained times in 240 in., the length of the room, which is 
88; therefore we shall need 9 strips, and } will be turned under. We shall 
need as many yards for each strip as 36 in., or 1 yd., is contained in 162 
in., which is 4} yd. Hence for 9 strips we need 9 times 4} yd., or 40} yd. 


Ruie.— Find the number of breadths or strips required, and 
the length of each strip. 


2. How many yards of carpet, 1 yd. wide, will be needed for 
a room 18 ft. square, if the strips run lengthwise? Crosswise? 

3. Find the cost of carpeting a room 16} ft. long and 15 
ft. wide with carpet } yd. wide, lengthwise, at $1.30 per yard. 

4. Find the cost of a carpet # yd. wide, at $1.50 per yard, 
for a room 17 ft. long and 14} ft. wide, there being a waste 
of 1 yd. in matching the pattern, and the carpet layer having 
been instructed to lay the carpet in the most economical way. 

5. How many meters of carpet 8% wide will be required 
for a floor 7" long and 3™ wide? 
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° 


TEMPERATURE. 


440. Since most bodies expand in proportion to the amount 


of heat applied, we measure heat or temperature by means of a 
Thermometer, which registers in degrees the expansion of a 
bulb of mercury, or alcohol, ete. 
The three thermometers in general use are the Fahrenheit (F.), 
- the pencierade (C.), and the Réaumur (R.), each of which is 


Combination Ther- 


mometer show- 
ing the Fahren- 
heit, Centigrade, 
and Réaumur 
Scales. 


based on a different scale. 


The Fahrenheit thermometer is so graduated that the 
freezing point or water is at 32° above the zero of the 
scale and the boiling point at 212° above zero, the dis- 
tance between being 180°. It is commonly used in the 
United States and in England. 

In the Centigrade thermometer the freezing point of 
water is at zero and the boiling point at 100° above zero. 

In the Réaumur thermometer the freezing point is at 


zero and the boiling point at 80° above zero. Hence, 
1° F. = 449° C. = §° C. and 79,9 R. = §° R. 
12°C. = 4400 P= 2° I. and 48,9,° R. = 
19 R.=4809 F. = $9 F. and 790° C.= 
Examples. 


441. To reduce from one scale to another. 


1. Express 98° Fahrenheit in the Centigrade 


scale. 
Sotution. —98° F. is 


OPERATION. 66° above the freezing 
98° — 32° — 66° point. Since 1° §°C., 
Bupat Ci= 364°C, Ang, S80 F. =66x 4° C.= 869°C: 


Ans. 


2. Express 25° Centigrade in the Fahrenheit 
scale. 
OPERATION. 
25 x 2° F =45° F. above freezing point. 
45° +. 32° =77° F. Ans. 
Sotution. — Since 1° C. = 2° Ir., 25° C. 
=46° F. above freezing point. 32° + 45° = 


25 x 2° F. 
7° FR. Ans. 
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3. Express 98° I’. in the R. scale, and 24° R. in the F. scale. 
: r So.ution. — 98° F. is 
Ade ett 66° above freezing point. 


98° — 32° = 66° F. above freezing point. 1° F. = 4° R. 66 x fo R. 
=29}° R. Ans. 


4 . oR 
66 x #4 R. = 294 R. Ans. PP R=2° F. 2x 
24 x 9°. = 54° VP. above freezing point. 7° F. = 54° F. above freez- 
54° + 32° = 86° I. Ans. ing point. 54° + 329 = 


86° FF. Ans. 


4. Express 15° C. in the R. scale, and 12° R. in the C. scale. 
Sotution.— The freezing point is the same 


in these two scales. 19C.=4°R.; 15 x 4°R. 
15 x £R =12°R. Ans. —19°R, Ans. i 3 


12% 8° C.= 15°C. Ans. 1° R.=§9C.; 12x $°C. = 16°C. Ans. 

Rure.—I. Vo change from F. to C., subtract 32° and multiply 
by 8; from F. to R., subtract 32° and multiply by 4. 

Il. Vo change from C. to F., multiply by and add 32°; from 
C. to R., multiply by 4. 

Ill. To change from R. to F., multiply by 4 and add 32°; from 
R. to C., multiply by 4. 


Norte, — The minus sign is used in the examples to indicate degrees below zero, 


OPERATION, 


Express in the Centigrade scale: 
5. 212°). 7. — 20°F. 9. 80°F. 11. —3°F. 


6. 80° R. 8. —20°R. 10. 60°F. 12. —3d°R. 
Express in the Fahrenheit scale : 

WsemelOO>C: 16. 0° C. 17° —L02C% 195 92k. 
14. 80° R. 16. 0° R. 18. —15°R. 20. 72°C. 


Express in the Réaumur scale: 

21. 60° I. 23. —25°F. 25. —30°C. 27. 212° F. 

22. 65° C. 24. 80°C. 26. 100° F. 28. 100°C. 

29. On a day in July a Centigrade thermometer registered 
35° in the sun. Express this by the Fahrenheit scale; by the 
Réaumur scale. 

30. The record of a patient’s temperature by the Fahrenheit 
thermometer was as follows: 9 p.a., 984°; 10 pat, 99°; 
11 p.m., 100°; 12 m., 983°. Find his average temperature for 
the four hours in each of the three scales. 
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SPECIFIC GRAVITY. 


442. The specific gravity of a substance is its weight com. 
pared with an equal bulk of water. Thus, if a substance is 
twice as heavy as water, its specific gravity is 2, ete. 

The following table gives the specific gravity of a number of 
substances : 


Liquins. METALS AND Stones. Sunpries, 5 
ALCL Wewereieteds 1,00)! GTANite cus 0. « DOH PADCIEO a6. «Mors we 717 
Alcohol, pure... .79 | Diamond..... IPOH LOCO bie ss 65, sora 92 
OliveiOily. = AIPA VATION os 9 Sacco 6.91| Gunpowder. ... 98 
Darpentine .... .99 | CastIron .... 7.21) Butter....... 94 
WonOrueeisnaienss1.00)|| BarTron.. .. - ReTOUUIAN 6 «ss 0 «ont 1.20 
PUES Sag oto US bt eee SPM COORL 64 os ose 1.30 
Cow's Milk .... 1.08 | Steel’....... 7.883| Opium....... 1.34 

TIMBER. Brassis.+ + o40'] Honey....... 1.45 
Corker eres (Copper... .. 8.06) Ivory ....... 1.83 
TRIER oS a0 o a || RINGS 6S 6 Oho 10.47} Sulphur...... 2.03 
Maplomenenereitem7On|muead)...).....- 11.00) Porcelain ..... 2.26 
Beechtewscitcier-) 00 | AMercury, . 2 2.4 18.57} Marble ...... 2.70 
Mahogany..... LOG MAGOIGs epee) «).« TOON Onalk. 5 4s waist 2.79 
Oakrrrs: 1. erlLaibiatinom:.. |. .22.07) Glass........ 2.89 


443. A cubic foot of water weighs 62} lb. or 1000 oz. 
avoirdupois. A cubic centimeter of water weighs 1 gram. 
A cubic decimeter or liter of water weighs 1 kilogram. A 
cubic meter of water weighs a tonneau or metric ton. 


Princrere. — The specific gravity of water or of any substance 
ts the same as the number of grams in a cubic centimeter of the 
substance, the number of kilograms in a cubic decimeter, or liter, 
or the number of metric tons in a cubic meter. 


444, To find the specific gravity of a substance we must 
know the weight of the same volume of water. When a sub- 
stance heavier than water is immersed in water, the water 
buoys it up or makes it as much lighter as the weight of the 
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volume of water it displaces. Hence it is easy to find the 
weight and volume of water displaced. 


Examples. 


445. To find the volume of a substance when its weight in air 
and water are given. 
1. A piece of lead weighs 1418% lb. when suspended in air. 
In water it weighs 12933 lb. What is its volume ? 
OPERATION, Sotution.— The weight of water 


ere displaced = 1418} lb. — 1293? Ib. = 
1418} Ib. — 1293} Ib. = 125 Ib. 195 ty, and since 62} Ib. =1 cu. 
125 + 621 = 2 cu. ft. Ans. ft., 125 lb. = 126 + 62} =2 cu. ft. 
fi Since the lead displaces 2 cu. ft. of 
water, its own volume must be 2 cu. ft. 


.2. A piece of lead suspended in air weighs 283.75% In 
water it weighs 258.75%. What is its volume? 


OPERATION. Soturion.— The weight of water dis- 

283.758 — 258.75% = 25* placed is 25s, and since 1s of water has a vol- 
O58 = 25°" Ans. ume of 1evem, 258 = 2hcucm, 

Rute. —I. lind the difference in pounds between the weight in 


air and water, and divide this by 624. The result will be the 
volume of the substance in cubic feet. 

Il. Find the difference between the weight in air and water 
expressed in grams, kilograms, or tonneaus. The result will be 
the same as the volume expressed in cubic centimeters, cubic deci- 
meters, or cubic meters, respectively. 


Nore. —If the difference between the weight in air and water is expressed in ounces, 
divide this difference by 1000, and the quotient will be the volume in eubie feet. 


3. A quantity of rock salt weighs 4.527 in air, and 2.527 in 
water. What is its volume ? 

4. A quantity of brass weighs 8400 oz. in air, and 7400 oz. 
in water. What is its volume ? 

5. What is the volume of a piece of brass which weighs 
4200 lb. in air, and 3700 lb. in water ? 

6. If apiece of quartz suspended in air weighs 92.75%, and in 
water 57.755, what is its volume ? 
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446. To find the specific gravity of a substance when its weight 
in air and water are given. 

1. What is the specific gravity of the lead in Ex. 1, § 445? 

OPERATION 
14183 Ib. — 1293% Ib. = 125 lb. water displaced. 
14183 + 125 = 11.35 Sp. G. Ans. 

So.ution. — The water displaced = 125 lb., and since a volume weigh- 

ing 1418} lb. displaces an equal volume of water weighing 125 lb., the 


substance must be 1418.75 + 125 = 11.35 times as heavy as water. Hence 
its specific gravity must be 11.38. 


2. What is the specific gravity of the lead in Ix. 2, § 445? 
So.urion. —The water edighistd 


OPERATION. 


= 25 grams, and since a volume 
283.758 — 258.758 = 258 weighing 283.75% displaces 268 of 


water, it must be 283 
times as heavy as water. 


283.75 + 25 = 11.35 Sp. G. Ans. 


Rus. — Divide the weight in air by the loss of weight in water. 


3. A piece of brass which weighs 4200 lb. in air weighs 
3700 Ib. in water. What is its specific gravity ? 

4. A piece of quartz suspended in the air weighs 92.75%; in 
the water it weighs 57.75. What is its specific gravity ? 

5. What is the specific gravity of a quantity of rock salt 
weighing 4.527 in air, and 2.527 in water ? 

6. What is the specific gravity of a quantity of brass weigh- 
ing 8400 oz. in air, and 7400 oz. in water. 


447. To find the specific gravity of a substance when its weight 
and volume are given. 


1. A block of marble containing 5 cu. ft. weighs 843.75 Ib. 
What is the specific gravity of marble ? 

Sorurion. —5 cu. ft. of water 

OPERATION, weigh 5 x 62.5 lb, = 312.5 Ib. 


5 x 62.5 lb. = 312.5 Ib. Hence marble is as many times 
as heavy as water as 312.5 is 


843.75 + 312.5 = 2.7 Sp. G. Ans. contained times in 843.75, which 


is 2.7, the specific gravity. 


Rees 
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2. What is the specific gravity of marble if 25°*™ weigh 
67.58 ? 

OPERATION. Soturion. — 25m of water weigh 258 

61.5 -+25= 2.7 Sp. G. fines as heavy as water an 25 lg contained 

«1ns. times in 67.5, which is 2.7, the specific gravity. 

Rue. —I. Jf the weight and volume are expressed in pounds 

and cubic feet, multiply 624 lb. by the number expressing the 
volume, and divide the given weight by the product. 

IL. Jf the weight and volume are expressed in grams and cubic 

centimeters, divide the number expressing the were by that ex- 


pressing the volume. 


Notes, —1. If the weight is expressed in ounces, multiply the volume in cubic feet by 
1000, and divide the given weight by the product. 

2. If the weight is expressed in kilograms, divide by the number expressing the volume 
in cuble decimeters ; if in tonneaus, by the number expressing the volume in cubic meters 
($43, Prin.). 


Find the specific gravity of: ‘ 

3. Ether, if 21 cu. ft. weigh 112 lb. 

4. Naphtha, if 5"°™ weigh 4.258, 

5. Marble, if 56.64" weigh 152.9288, 

6. Ebony, if 8 cu ft. weigh 595 lb. 

7. If a decaliter of sea water weighs 10.38, what is its spe- 
cific gravity ? 

8. If 13 cu. ft. of chalk weigh 22667 lb., what is the specific 
gravity of chalk ? 

9. If 8 cu. ft. of lead weigh 5675 lb., what is the specific 
gravity of lead? 


448. To find the weight of a substance when its volume and 
specific gravity are given. 
1. Find the weight of 16 cu. ft. of copper, the specific 
gravity being 8.95. 
Sotution. — Since 1 cu. 
ft. of water weighs 62} 1b. 
16 x 62.5 Ib. x 8.95 = 8950 lb. Ans. 16 cu. ft. will weigh 16 x 62} 
lb. ; and since copper is 8.95 
as heavy as water, 16 cu. ft. of copper will weigh 16 x 8.95 x 62.5 Ib. = 
8960 lb. 


OPERATION, 
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2. Find the weight of 120°: of copper. 

Sorurion. — Since 1° e™ of water weighs 
1g, 120¢%°em weigh 120%, and since copper 
‘3 rs is 8.95 times as heavy as water, the same 
120% x 8.95 = 10748 Ans. amount of copper will weigh 8.95 x 120¢= 

10748. 


OPERATION. 


Rutr.—1. Jf the volume is expressed in cubic feet, multiply 
621 lb. by the number expressing the volume, and the product by 
the specific gravity. The result will be the weight in pounds. 

Il. If the volume is expressed in cubic centimeters, multiply 
the number expressing the volume by the specific gravity. The 
result will be the weight in grams. 


Norrs.—1. If the volume in cubie feet is multiplied by 1000 and the product by the 
specific gravity, the result will be the weight in ounces. 

2. Ifthe volume is expressed in cubic declmeters, the result after multiplying by the 
specific gravity will be the weight in kilograms; if in cuble meters, the result will be the 


weight in tonncaus (§ 443, Prin.). 
8. Consult the table on p. 264 for specific gravities not given. 


3. Find the weight in pounds of 224 cu. ft. of turpentine, 
its specific gravity being .99. 
4. The specific gravity of maple wood is .75. What is the 
weight in pounds of 780 cu. ft. 
5. The specific gravity of bar ironis 7.79. Vind the weight 
in tonneaus of 925 ™ of it. 
6. Find the weight in ounces of 25 of opium, its specific 
gravity being 1.54. 
7. How many ounces will 25 cu. in. of sulphur weigh ? 
8. What will be the weight in kilograms of 6504" of 
butter ? 
9. Find the weight in kilograms of a bar of silver 4°" long, 
1.5™ wide, and 1¢" thick. 
10. What is the weight of 15 cu. ft. of alcohol ? 
11. Which is the heavier and how much, 10 cu. ft. of olive 
oil or 8 cu. ft. of cider ? 
12. Find the weight in grams of 5000°°*™ of cork. 
13. Find the weight in pounds of 19 cu. ft. of lead. 
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449. To find the volume of any substance when its weight and 
specific gravity are given. 

1. Find the number of cubic feet in a block of marble weigh- 
ing 843.75 lb., the specific gravity of marble being 2.7. 

OPERATION, So.urion.— Since one cubic 
2.7 x 62.5 Ib. =168.75 Ib. alg Mr ar oon 
=e Pa hy .75 Ib. $43.75 Ib. 

843.75 + 168.75 = 5 cu. ft. Ans. pe the weight of ‘as many cu. ft, 
as 168.75 is contained times in 8438.75, or 5 cu. ft. 


2. How many cubic centimeters are there in a piece of 

marble weighing 675% ? 
OPERATION. Soxurtion. —Since marble is 2.7 times 

ET 20 = 250% Ana, SNM ae econ mo 
the weight of as many cubic centimeters as 2.7 is contained times in 
675, or 250cucm, | 

Rute. —I. Jf the weight is expressed in pounds, multiply 62) 
lb. by the specific gravity and divide the number expressing the 
weight by the product. The quotient will be the volume expressed 
sn cubic feet. 

Il. If the weight is expressed in grams, divide the number ex- 
pressing the weight by the specific gravity; the quotient will be the 
volume expressed in cubic centimeters. 


Notes. —1. If the welght is expressed in ounces, multiply the specific gravity by 1000, 
divide the weight by the result, and the quotient will be the answer In cuble feet. 

2. If the weight is expressed in kilograms, divide by the specifle gravity and the quotient 
will be in cubic decimeters. If the weight is expressed in tonnoaus. divide by the specific 
gravity and the quotient will be the answer in cubic meters. 


Find the volume of: 


3. 350 lb. of steel. 6. 327 of cast iron. 
4. 875** of indigo. 7. 6112 oz. of copper. 
5. 3° of gunpowder. 8. 465%6 of chalk. 


9. How many cubic centimeters ave there in a piece of gold 
weighing 77.045 ? 
10. How many decaliters of alcohol will weigh 869**? 
11. he specific gravity of ivory being 1.83, find the volume 
of a quantity of ivory weighing 8003 lb. 


RATIO. 


ee 


450. Ratio is the measure of the relation between two like 
numbers with respect to comparative value. 


Norr. — There are two methods of comparing numbers with respect to value; Ist, by 
subtracting one from the other; 2d, by dividing one by the other. The relation expressed 
by the difference is sometimes called arithmetical ratio, and the relation expressed by the 
quotient, geometrical ratio. 


When one number is compared with another, as 12 with 4, by means 
of division, thus, 12-+-4=3, the quotient, 3, shows the relative value of 
the dividend when the divisor is considered as a unit or standard. ‘The 
ratio in this case shows that 12 is 3 times 4; that is, if 4 is regarded as a 


unit, 12 will be 3 units, or the relation of 12 to 4 is that of 3 to 1. 


451. Ratio is indicated in two ways: 

1. By placing two points between the two numbers compared, writing 
the divisor before and the dividend after the points. ‘hus, the ratio of 
8 to 24 is written 8: 24; the ratio of 7 to 5 is written 7: 5. 

2. In the form of a fraction. ‘Thus, the ratio of 8 to 24 may be written 
#3 of 7 to 6, 2. 

452. The Terms of a ratio are the numbers compared. The 
first term or the dividend is the Antecedent ; the second term 
or the divisor is the Consequent. ‘The two terms together form 
a Couplet. 

Nore. — The antecedent is the number to be compared with the consequent as a unit or 
standerd. 

453. The Value of a ratio is the quotient of the antecedent 
divided by the consequent, and is an abstract number. 


Thus, in the ratio $24: $6, $24 is the antecedent, $6 is the consequent, 
and 4, the quotient of $24 = $6, is the value of the ratio. 

Nore. — Some suthorities claim that the value of the ratio is found by dividing the con- 
sequent by the antecedent. This is erroneously called the French method, as the most 
eminent French mathematicians teach the reverse. The weight of argument isin fayort 
the old method given above. 
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454. A Direct Ratio arises from dividing the antecedent by 
the consequent. 


455. An Inverse or Reciprocal Ratio is obtained by dividing 
the consequent by the antecedent. The reciprocal of a ratio 
equals 1 divided by the ratio. 


Thus, the direct ratio of 5 to 15 is ; =4; and the inverse ratio of 5 to 
15 is 18 = 3. 


Notes. —1. When the numerator and denominator of a fraction are interchanged, tho 
fraction is said to be inverted ; and in the same way, when the antecedent and consequent 
are interchanged, the ratio is called an inverse ratio, 

2. One quantity is said to vary directly as another, when the two increase or decrease 
together in the same ratio; and one quantity is said to cary inversely as another, when 
one increases in the same ratio as the other decreases. Thus time varies directly as wages ; 
that is, the greater the time the greater the wages, and the less the time the less the wages. 
Again, velocity varies inversely as the time, the distance being fixed ; that fs, in traveling 
a given distance, the greater the velocity the less the time, and the less the velocity the 
greater the time. 


456. A Simple Ratio is the ratio between two terms and 
consists of a single couplet; as 3:12. 


457. A Compound Ratio is the ratio of the corresponding 
terms of two ov more simple ratios. It consists of two or more 
couplets the products of whose corresponding terms form a 
simple ratio. 

When the multiplication is performed in a compound ratio, the result 
is a simple ratio. Thus, the compound ratio formed from the simple 
ratios, 8: 4 and 9: 12 may be expressed 

(8:4) x (9:12) or, 8x 9:4 x 12 =72: 48, or 


8: 4 ~ 
See oS 72:48, or § x Py = $= 3:2. 


458. Ratio can exist only between like numbers or between 


two quantities of the same kind. In the comparison of like 
numbers we observe that: 


If the numbers are simple, whether abstract or concrete, their ratio 
may be found directly by division. = 

Compound denominate numbers must first be reduced to the same unit 
or denomination. 

If the numbers are fractional, and have a common denominator, the 
fractions will be to each other as their numerators; if they have not 
a common denominator, their ratio may be found either directly by 
dividing the first by the second, or by reducing them to a common 
denominator and comparing their numerators. 
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Norr.—Though ratio can exist only between numbers of the same kind, one of two 
unlike numbers may cary directly or inversely as the other. Thus cost varies directly as 
quantity in the purchase of goods ; time varies inversely as velocity in the descent of falling 
Dodies, In such cases the quantities, though unlike in kind, have a mutual dependence, 


459. Since the antecedent is a dividend and the consequent 
a divisor, any change in either or both terms will be governed 
by the general principles of division (§ 169). We have only to 
substitute the terms antecedent, consequent, and ratio, for divi- 
dend, divisor, and quotient, and these principles become simple. 

Princietes.— I. Multiplying the antecedent multiplies the 
ratio; dividing the antecedent divides the ratio. 

Il. Multiplying the consequent divides the ratio; dividing the 
consequent multiplies the ratio. 

III. Multiplying or dividing both antecedent and consequent 
by the same number does not alter the ratio. 


These three principles may be embraced in one law. 

GenerAL Law. — A change in the antecedent produces @ LIKE 
change in the ratio; but a change in the consequent produces an 
opposite change in the ratio. 


460. Since the ratio of two numbers is equal to the antece- 
dent divided by the consequent, it follows that 

Principe. — The antecedent is equal to the consequent multi- 
_ plied by the ratio, and the consequent is equal to the antecedent 
divided by the ratio. 


Examples. 
461. What is the ratio of: 
1. 80:120? 3. 26:51? 5. 35:4? 
2. 60:84? 4. 24:74? 6. 120 rd.: 1 mi.? 


7. Find the reciprocal of the ratio of 42 to 28. 

Find the missing term: 
8. Ant. 15 Ratio 4. 10. Cons. 6.121 Ratio 25. 
9. Cons. 3} Ratio 7. 11. Ant. % Ratio }. 


12. If the antecedent is 4 of 3 and the consequent .75, what 
is the ratio? 


; 
: 
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462. Proportion is a comparison of equal ratios. Thus, the 
ratios 10: 5 and 12: 6, each being equal to 2, may form a pro- 
portion. 


463. Proportion is indicated in three ways: 


1. By adouble colon placed between the two ratios; thus, 3:4::9:12 
expresses the proportion between the numbers 3, 4, 9, and 12, and is 
read, 3 is to 4 as 9 is to 12. 

2. By the sign of equality placed between two ratios; thus, 3:4= 
9:12 expresses proportion, and may be read as above, or, the ratio of 
8 to 4 equals the ratio of 9 to 12. 

8. By employing the fractional method of indicating ratio; thus, } = {y 
indicates proportion, and may be read like either of the above forms. 

464. Since each ratio consists of two terms, every propor- 
tion must consist of at least four terms. 


Nore. —Each ratio {s called a couplet and each term a proportional. 


465. The Antecedents of a proportion are the first and third 
terms, that is, the antecedents of its ratios. The Consequents 
of a proportion are the second and fourth terms, or the conse- 
quents of its ratios. 


466. The Extremes are the first and fourth terms. The 
Means are the second and third terms. 


467. Three numbers are proportional when the first is to 
the second as the second is to the third. Thus, the numbers 
4, 6, and 9 are proportional, since 4: 6::6:9, the ratio of each 
couplet being 3. 

468. In a proportion in which the means are equal, either 
mean is called a Mean Proportional between the first and fourth 
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terms. Thus, in 4:6::6:9, 6 is a mean proportional between 
4 and 9. 


469. From the nature of ratio and proportion we derive the 
following principles: 


Princieres. —I. In every proportion the product of the means 
is equal to the product of the extremes. 


For in 15:3::20:4,18=49. Reducing the fractions to a commor 
15x 4_ 20x 8 

ioe 
same denominator, the numerator of the first, which is the product of the 
extremes, must be equal to the numerator of the second, which is the 


Since these two equal fractions have the 


denominator, 


product of the means. 


Il. The square of a mean proportional is equal to the product 
of the other two terms. - 


For, in the proportion 4:6::6:9 since the product of the means 
equals the product of the extremes, 62=4 x 9, and G* is the square of 
the mean proportional. 

Il. Four numbers that are proportional in the direct order 
are proportional by inversion, and also by alternation, or by 
inverting the means. 

Thus, the proportion 2:3::6:9, by inversion becomes 3:2::9:6, 
and by alternation 2:6::3:9. 

470. Since in every proportion the product of the means 
equals the product of the extremes, it follows that, any three 
terms of a proportion being given, the fourth may be found by 
the following rule: 

Ruix.—I. Divide the product of the extremes by one of the 
means, and the quotient will be the other mean. 


Il. Divide the product of the means by one of the extremes, 
and the quotient will be the other extreme. 


Thus, in the proportion 2:3::?:9, 2 a o} the product of the extremes 
divided by the mean gives us 6, the missing mean. In 2:3::6:?, ss 3 


the product of the means divided by the extreme gives us 9, wie missing 
extreme. 
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Examples, 


471. The required term in an operation will be denoted by 
?, which may be read “ what.” 


Find the term not given in each of the following propor- 
tions: 


4. 4:26::10:% 
48: 20::?: 50. 
(VARI VIS Sea 
?:3800::20: 100. 
Lao oiy ite 7: 
1 1 


e 


oe 
wee 
GO op 
CO oe 
~ 
XQ 
for} 
we 


$8865: 3720: :16 A. 
“4 aes si ci 07 75: a, 29.25. 
1260: $750. 


Conran» Pr | DW 


ra 
i=) 
5 
> 
= 
ns 
=) 
n 
5 
2 
4 
= 


7.5018 1:9:7 Txlx 02. 

oz: ?3:230:: atte 2s. 103d. 
: 15 hhd. :: $2.39 : $.3585. 

[. 7 ewt. 3 qr. 20 ie 13 T. 5 ewt. 2 qr.:: $9.50: ?. 


> 


*H121:: 3 es 149177. 
yd.:?:: $4: $ 59.0625. 


Cause AND Errecr. 


472. Every question in proportion may be considered as a 

_ comparison of two causes and two effects. Thus, if 3 dollars as 

a cause will buy 12 pounds as an effect, 6 dollars as a cause will 

buy 24 pounds as an effect. Or, if 5 horses as a cause consume 

10 tons as an effect, 15 horses as a cause will consume 30 tons 
as an effect. 


Notr. —It must be borne in mind that cause and effect is not proportion, but in many 
eases this form of reasoning furnishes the easiest ineans for reaching a correct statement of 
proportions, 
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Causes may be regarded as action, of whatever kind, the producer, the 
consumer, men, animals, time, distance, weight, goods bought or sold, 
money at interest, etc. 

Effects may be regarded as whatever is accomplished by action of any 
kind, the thing producedor consumed, money paid, etc. 

Causes and effects in proportion are of two kinds — simple 
and compound. 


473. A Simple Cause or Effect contains but one element; as 

P. ; 
price, quantity, cost, time, distance, or any single factor used 
as a term in proportion. 


474. A Compound Cause or Effect is the product of two or 
more elements; as the number of workmen taken in connec- 
tion with the time employed, length taken in connection with 
breadth and depth, capital considered with reference to the 
time employed, ete. 


475. Causes and effects that admit of computation, that is, 
involve the idea of quantity, may be represented by numbers, 
which will have the same relation to each other as the things 
they represent. And since it is a principle of philosophy that 
like causes produce like effects, and that effects are always in pro- 
portion to their causes, we have the following proportions: 


1st Cause : 2d Cause: : Ist Effect : 2d Effect, 
Or, 1st Effect : 2d Effect: : 1st Cause : 2d Cause. 


The two causes, or effects, forming one couplet, must be like numbers, 
and of the same denomination. 

Considering all the terms of the proportion as abstract numbers, we 
may say that 


Ist Cause: 1st Effect : : 2d Cause : 2d Effect; 
which will produce the same numerical result. 


But as ratio is the result of comparing two numbers or things of the 
same kind (§ 450), the first form is regarded as more natural and philo- 
sophical. 


476. Simple causes and simple effects give rise to simple 
ratios; compound causes and compound effects to compound 
ratios. 
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SIMPLE PROPORTION. 


477. Simple Proportion is an equality of two simple ratios, 
ind consists of four terms, any three of which being given, 
the fourth may readily be found. 


Norrs. —1. When three terms of a proportion are given, the method of finding the fourth 
is called the Rule of Three. 
2. Questions in simple proportion involve only simplo causes and simple effects. 


Examples. 


478. To find the missing term. — First method. 
1. If $8 will buy 36 yards of velveteen, how many yards 
may be bought for $12? 
STATEMENT. 
$ % yd. yd. Sorution. —The required term 
Ol 21205 SO mercer in this example is an effect; and 
Istcause. 2d cause. Isteffect. 2deffect. the statement is, $8 is to $12 as 
86 yards is to ?, or how many 
A at . yards. Dividing 12 x 36, the prod- 
8x?= . x 36 uct of the means, by 8, the given 
6 9 extreme, we have 54 yards, the 
% x 36 requir § 47 
o— AZ x 38 =5dyd. Ans. required term (§ 470). 
8 
2. If 6 horses will draw 10 tons, how many horses will 
draw 15 tons ? 


STATEMENT. 


OPERATION, 


horses. horses. tons. tons. 
BO Beng Ae 1g 1s 


Ist cause. 2d cause. Ist effect. 2d effect. SoxurTIoNn. In this example a 
— Xo 


OPERATION. cause is required; and the state- 
3 3 ment is, 6 horses is to ?, or how 
* many horses, as 10 tons is to 16 
28. x $ _ 9 horses Ans. tons. Dividing 15 x 6, the prod- 
10 uct of the extremes, by 10, the 
Or, given mean, we have 9, the re- 

5 quired term (§ 470). 

19 | 153 


21g 
? =9 horses Ans. 
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Rutr.—I. Arrange the terms in the statement so that the 
causes shall compose one couplet, and the effects the other, putting 
? in the place of the required term. 

Il. Uf the required term is an extreme, divide the product of 
the means by the given extreme; if the required term ts @ mean, 
divide the product of the extremes by the given mean. 


Nores.—1. If the terms of any couplet are of different denominations, they must be 
reduced to the same unit value. 

2. If the odd term is a compound number, it must be reduced either to its lowest unit, 
or toa fraction or a decimal of its highest unit. 

8. If the divisor and dividend contain one or more factors common to both, they should 
be canceled. If any of tho terms of a proportion contain mixed numbers, they should first 
be changed to improper fractions, or the fractional part to a decimal. 

4, When the vertical line is used, the divisor and ? are written on tho left, and the fac- 
tors of the dividend on the right. 


479. There is another method of solving questions in pro- 
portion which depends more strictly upon the principles of 
ratio and proportion, and hence is regarded by mauy as simpler 
and more logical. 

Every question in simple proportion gives i/ree terms to 
find a fourth. 

Of the three given numbers, one must always be of the same 
denomination as the required number. 

The remaining two will be like numbers, and will bear the 
same relation to each other that the third does to the required 
number; in other words, the ratio of the third to the required 
number will be the same as the ratio of the other two numbers. 
_ Regarding the third or odd term as the antecedent of the 
second couplet of a proportion, we find the consequent or 
required term by dividing the antecedent by the ratio (§ 460). 

By comparing the two like numbers, in any given question, 
with the third, we may readily determine whether the answer, 
or required term, will be greater or less than the third term. 
If greater, then the ratio will be Jess than 1, and the two like 
numbers may he arranged in the form of a proper fraction as 
a divisor; if the answer, or required term, is to be Jess than 
the third term, then the ratio will be greater than 1, and the 
two like numbers may be arranged in the form of an improper 
fraction, as a divisor. 
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489. To find the missing term. — Second method. 


1. If 4 cords of wood cost $12, how much will 20 cords 
cost ? 


OPERATION. Sorution. —It will be readily 

4:20::12:? seen in thisexample, that4 cordsand 

3 Fe bens a ny like terms, and that 

; is the third term, and of the same 

12 + cy = IZ x 20 _ $60 Ans. denomination as the answer or re- 
20 4 quired term, 

. 3 If 4 cords cost $12, will 20 cords 

20 x 12 cost more, orless? Evidently more: 

Or, ae <= $60 Ans. then the answerorrequired term will 


be greater than the third term, and 
the ratio Jess than 1. The ratio of 4 cords to 20 cords is 4, or }; hence the 
ratio of § 12 to the answer must be +, and the answer will be 6 times $12, 
which is $60. 
Or, after having stated the proportion 4: 20:: 12: ?, we find the prod- 
wt of the means and divide by the extreme (§ 470). 


2. if 12 yd. of cloth cost $48, how much will 4 yd. cost? 


OPERATION, Sorurron. —In this example we 
12:4::48:? see that 12 yards and 4 yards are the 
like terms, and $48 the third term, 
12 4 4 and of the same denomination as the 
48 + == = AS x — = $16 Ans. required answer. 

4 Az If 12 yards cost $48, will 4 yards 
4. cost more or less? Less: then the 
ratio will be greater than 1, and the 

4x45 : 
Or, = Ser ae = $16 Ans. divisor an improper fraction. The 


ratio of 12 yards to 4 yards is 3, 
hence the ratio of $48 to the answer is 3, and the answer will be } of $48, 
which is $16. Or, dividing the product of the means by the extreme 
(§ 470), we have 4 x 48 + 12 = $16. 


Rurtr.—I. With the two given numbers, which are of the same 
name or kind, form a ratio greater or less than 1, according as 
the answer is to be less or greater than the third given number. 

Il. Divide the third number by this ratio, and the quotient will 
be the required number or answer. 

1. Mixed numbers should first be reduced to improper fractions, and the ratio of the 


fractions found according to § 453. 
2. Reductions and cancellation may be applied as in the first method, 


Ls lal 
’ 
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The following examples may be solved by either method. 

3. If 48 cords of wood cost $120, how much will 20 ; 
cords cost? 

4. If 6 bushels of corn cost $ 4.75, how much will 75 
bushels cost ? 

5. If 12 horses consume 42 bushels of oats in 3 weeks, how 
many bushels will 20 horses consume in the same time ? 

6. If 9 bushels of wheat make 2 barrels of flour, how many 
barrels of flour will 100 bushels make ? : 

7. If 18 bushels of wheat are bought for $22.25, and 
sold for $26.75, how much will be gained on 240 bushels, at 
the same rate of profit ? 

8. If 6} bushe’s of oats cost $3, how much will 9} 
bushels cost? 

9. How much will 87.5 yards of ribbon cost, if 1} yards 
cost $ .42? 

10. If by selling $1500 worth of dry goods I gain $275.40, 
what amount must I sell to gain $1000 ? 

411. If 20 men can perform a piece of work in 15 days, how 
many men must be added to the number, that the work may 
be accomplished in 4 of the time ? 

12. If 100 yd. of broadcloth cost $ 473.07,%,, how much will 
3.25 yd. cost? 
~ 13. Tf 1 Ib. 4 oz. 10 pwt. of gold may be bought for $260.70, 
how much may be bought for $39.50? 
14. In what time can a man pump 54 barrels of water, if he 
pumps 24 barrels in 1 h. 14 min. ? 
15. If 4 of a bushel of peaches costs $42, what part of a 
bushel can be bought for $ 7, ? 
16. If a man gains $1870.65 by his business in 1 yr. 3 mo., 
how much will he gain at that rate in 2 yr. 8 mo. ? 
~~17. Two numbers are to each other as 5 to 73, and the less 
is 164.5; what is the greater ? 

~ 18. If the moon moves 13°10! 35''in 1 day, in what time will 

it perform one revolution ? 
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19. If I borrow $500, and keep it 1 yr. 4 mo., for how long 
a time should I lend $240 as an equivalent for the favor ? Y 

20. How many ‘days will 12 men require to do a piece of 
work that 95 men can do in 7} days? 

21. If a staff 4 ft. long casts a shadow 7 ft. in length, what 
is the height of a tower that casts a shadow of 198 ft. at the 
same time ? ‘ 

22. A man failing in business owes $972, and his entire 
property is worth but $607.50. How much will a creditor 
receive on a debt of $11.534? 

23. A man can perform a certain piece of work in 18 days 
by working 8 hours a day. In how many days can he do the 
same work by working 10 hours a day ? 

24. How much land worth $16.50 an acre, should be given 
in exchange for 140 acres, worth $ 24.75 an acre ? 

25. What number of men must be employed to finish a piece 
of work in 5 days, which 15 men could do in 20 days ? 

26. At $1.58 per oz., what will be the cost of a service of 
silver plate weighing 15 lb. 11 oz. 13 pwt. 17 gr. ? 

27. A borrows $1200, and keeps it 2 yr. 5 mo. 5 da. What 
sum should he lend for 1 yr. 8 mo. to balance the favor ? 

28. A farmer has hay worth $9 a ton, and a merchant has 
flour worth $5 per barrel. If in trading the former asks 
$10.50 for his hay, how much should the merchant ask for 
his flour ? 

29. A cistern holding 20 barrels has two pipes, by one of 
which it receives 120 gallons in an hour, and by the other 
discharges 80 gallons in the same time. In how many hours 
will it be filled if both pipes are open? {£~ 

30. A merchant in selling groceries sells 14,%, oz. for a 
pound. How much does he cheat a customer who buys of him 
to the amount of $ 38.40? 

31. B and C have each a farm; B’s farm is worth $32.50 
an acre, and C’s $ 28.75; but in trading B values his at $40 
an acre. What value should C put upon his ? 
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481. Compound Proportion is an expression of equality be- 
tween a compound and a simple ratio, or between two com- 
pound ratios. 


It embraces the class of questions in which the causes, or the effects, 
or both, are compound. ‘The required term must be either a simple cause 
or effect, or a single element of a compound cause or effect. 


Examples. 


482. To find the missing term. — First method. 


1. If 16 horses consume 128 bu. of oats in 50 days, how 
many bushels will 5 horses consume in 90 days ? 


STATEMENT. 
Istcause. 2d cause, Ist effect. 2d effect. 
16 5 
é Jo 52:5 Saeed 
50 90 
Or, 165 50:5x%90:: 128 : ? 


Sorution.—In this example the re- 


pam quired term is the second effect ; and the 

9 8 question may be read: If 16 horses in 

px 9p x 128 _ 7 bu. Ans. 60 days consume 128 bushels of oats, 6 
16 x pO cy . * horses in 90 days will consume how many 


bushels ? Dividing the product of the 
means by the extremes, we have 72 bu. 
Nore. — These examples are most readily performed by cancellation. 


2. If $480 gains $84 interest in 30 months, what sum will 
gain $21 in 15 months ? 


STATEMENT. 


Istcause. 2d cause. Ist effect, 2d effect. 


“4 Se 33°) pues 


5 
OPERATION. * Sotution.— The required term, in 
120 2 this ernple is an element of the 
480 x 30 wa) second cause; and the question may 
34 x Ip i= $240 Ans. beread: If $480 in 30 months gains 
p $84, what principal in 15 months will 
A gain $21? Dividing the product of 


the extremes by the means, we have $240. 
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3. If 7 men dig a ditch 60 feet long, 8 feet wide, and 6 feet 
deep in 12 days, what length of ditch can 21 men dig in 23 
days, if it is 3 feet wide and 8 feet deep ? 


STATEMENT. 


Ist cause. 2d cause. Ist effect. 2d effect. 

{ if ee 60 ? 

Ze: 23 3: 3 § 3 

6 8 

Or, 7x12:21x$::60x8x6:?x3x8. 
OPERATION. 
= 5 9 Sorution.—In this ex- 
i 8 ; 8 7 ample the required term is 
71 RIOnK 60 x $ x 6 _ 80 ft. Ans. the length of the ditch, and 
AX » SLs xis is an element of the second 
Or effect. The question, as 
; stated, will read thus: if 7 
a men, in 12 days, dig a ditch 
i) 21 60 feet long, 8 feet wide, and 
3 8 6 feet deep, 21 men, in 23 
12 60° days, will dig a ditch how 
Es many feet long, 3 feet wide, 
2 8, and 8 feet deep? Dividing 
§| 6 the product of the means by 
? the extreme ($ 470), we have 
?=8x5x2=80 ft. Ans. LES 


Rute. —I. Of the given terms, select those which constitute the 
various causes, and those which constitute the various effects, and 
arrange them in couplets, putting an interrogation point in place 
of the required term. 


Il. Then, if the unknown term expressed by the interrogation 
point occurs in either of the extremes, make the product of the 
means a dividend, and the product of the extremes a divisor; 
but if the unknown term occurs in either of the means, make the 
product of the extremes a dividend, and the product of the means 
a divisor. 

Nore. —The causes must be exactly alike in the number and kind of their terms; the 


same is true of the effects. The same preparation of the terms by reduction is to be 
observed as in simple proportion. 
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483. To find the missing term. — Second method. 

Examples in Compound Proportion may also be solved by 
the Second Method in Simple Proportion (§ 480). 

1. If18 men can build 42 rods of wall in 16 days, how many 
men can build 28 rods in 8 days ? 


OPERATION. 
47281). 40. 
; £6 f22182? 
6 2 2 
a2 8 = 28 76 _ f 2 q 
18 + mig 2B x0 x 3 =24 men Ans. 
AA 
Or, 
2a 2) 6 
2B x I$ x 18 _ 94 men Ans. 
Az x B 
TA 


So.urion.—In this example all the terms appear in couplets, except 
one, which is 18 men, and that is of the same kind as the required 
answer. 

Since compound proportion is made up of two or more simple propor 
tions, if this third or odd term is divided by the compound ratio, or by 
the simple ratio of each couplet successively, the product will be the 
required term. 

By comparing the terms of each couplet with the third term, we may 
readily determine whether the answer, or term sought, will be greater or 
less than the third term ; if greater, then the ratio will be less than 1, 
and the divisor a proper fraction ; if Zess, the ratio will be more than 1, 
and the divisor an improper fraction. 

First, we compare the terms composing the first couplet, 42 rods and 
28 rods, with the third term, 18 men. If 42 rods require 18 men, how 
many men will 28 rods require? Less men; hence the ratio is greater 
than 1, and the divisor an improper fraction, 42. Next, if 16 days 
require 18 men, how many men will 8 days require 2 More men ; hence 
the ratio is less than 1, and the divisor a proper fraction, 5. Regard- 
ing the third term as the antecedent of a couplet, the consequent being 
the term sought, if we divide this third term by the simple ratios, 
or by their product, we shall have the required term or answer, thus: 
18 + $2 x #8, = 24, as shown in the operation. 

Or, finding the product of the means and dividing by the extremes, we 
28 x 16 x 18 _ 24 


haye 
42x 8 
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2. 1£ 5 compositors, in 16 days of 14 hours each, can com- 
pose 20 sheets of 24 pages in each sheet, 50 lines in a page, 
and 40 letters in a line, in how many days, of 7 hours each, 
will 10 compositors compose a volume to be printed in the 
same letter, containing 40 sheets, 16 pages in a sheet, 60 lines 
in a page, and 50 letters in a line? 

OPERATION, 


Days. Comp. Hours, Sheets. Pages. Lines. Letters. 
16 +42 x sy x 23 x 24 K 2G x $$ = 32 days Ans. 


BY CANCELLATION. Sortutron. — The required term or answer is to 
16 be in days; and we see that all the terms appear 
z oa in pairs or couplets, except the 16 days, which is 
A0| 2 of the same kind as the answer sought. 
q 1? We proceed to compare the terms of each 
20) AW couplet with the 16 days. First, it 6 compositors 
Bo { G2 require 16 days, how many days will 10 compos- 
io ah a itors require? Less days; hence the divisor is 
pO 60” the improper fraction 4°, and we have 16 + 42, 
AQ | Av Next, if 14 hours a day require 16 days, how 


many days will 7 hours a day require? More 
days; hence the divisor is the proper fraction 
yp and we have 16+1" x yy. Next, if 20 sheets require 16 days, how 
many days will 40 sheets require? More days; hence the divisor is the 
proper fraction 7§, and we have 16 + 4° x 7; x 7§. Pursuing the same 
method with the other couplets, we obtain the result as shown in the 
operation. 


32 days Ans. 


Ruue.—I. Of the terms composing each couplet form a ratio 
greater or less than 1, in the same manner as if the answer 
depended on those two and the third or odd term. 


II. Divide the third or odd term by these ratios successively, 
and the quotient will be the answer sought. 
Notr. —By the odd term is meant the one that is of the same kind as the answer, 
The following examples may be solved by either method: 
3. If 12 horses plow 11 acres in 5 days, how many horses 
would plow 33 acres in 18 days ? 
' 4. Tf 480 bushels of oats will last 24 horses 40 days, how 
long will 300 bushels last 48 horses, at the same rate ? 
'5. If 7 reaping machines can cut 1260 acres in 12 days, in 
how many days can 16 machines reap 4728 acres ? 
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6. If 144 men in 6 days of 12 hours each, build a wall 200 
ft. long, 3 ft. high, and 2 ft. thick, in how many days of 7 
hours each can 30 men build a wall 350 ft. long, 6 ft. high, and 
3 ft. thick ? 

#7. Tn how many days will 6 persons consume 5 bu. of po- 
tatoes, if 3 bu. 3 pk. last 9 persons 22 days ? 

8. If the use of $300 for 1 yr. 8 mo. is worth $30, how 
much i is the use of $ 210.25 for 3 yr. 4 mo. 24 da. worth ? 

i9. If a cistern 16 ft. long, 7 ft. wide, and 15 ft. deep cost 
$ 36.72, how much, at the same rate per cu. ft., would another 
cistern cost that is 174 ft. long, 10} ft. wide, and 16 ft. deep ? 

410. If468 bricks, 8 inches long and 4 inches wide, are re- 
quired for a walk 26 ft. long and 4 ft. wide, how many bricks 
will be required for a walk 120 ft. long and 6 ft. wide ? 

\11. If acistern 17} ft. long, 10} ft. wide, and 18 feet deep 
holds 546 barrels, how many barrels will a cistern hold that is 
16 ft. long, 7 ft. wide, and 15 ft. deep ? 

42. If11 men can cut 147 cords of wood in 7 days, when 
they work 14 hours per day, how many days will it take 5men 
to cut 150 cords, working 10 hours each per! ? 

13. If it costs $95.60 to carpet aroom 24 ft. by 18 ft., how 
much will it cost to carpet a room 38 ft. by 22 ft. w ith the 
same 1 material ? 

14. A miller has a bin 8 ft. long, 44 ft. wide, and 2} ft. 
deep, and its capacity is 75 bu.; how “deep must he make 
another bin which is to be 18 ft. long and 3% feet wide, that 
its capacity may be 450 bu. ? 

15. If4 men in 2} days, mow 62 acres of grass, by working 
8} hours a day, how many acres will 15 men mow in 3% days, 
by working 9 hours a day ? 

16. If 248 men, in 5} days of 12 pours each, dig a ditch of 
7 degrees of hardness, 2324 yd. long, 22 yd. wide, and 24 yd. 
deep; in how many days of 9 hours Bah will 24 men aig a 
ditch of 4 degrees of hardness, 387} yd. long, 51 yd. wide, and 
3} yd. deep ? : 
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PARTITIVE PROPORTION. 
484. Partitive Proportion is the process of dividing a num- 
ber into parts which bear a given relation to each other. 
Examples. 


485. To divide a number into proportional parts. 
1. Divide $1305 into parts proportional to the numbers 2, 


3, and 4. 
OPERATION, So.ution.—The problem is to take 
2+84+4=9 three fractions of $1305 which shall be 
2 of $1305 = $ 290 in the proportion of 2, 3,4. Any frac- 


Raf 120K — x tions with a common denominator, and 
3 of » sped = oa Ans. with 2, 3, and 4 as respective numerators, 
ro of $1305 = § 580 would be in the proper proportion; but 
since the sum of the three parts of $1305, when found, must equal the 
whole of $1805, the sum of the three fractions must equal a whole unit, 
and sinee the sum of the numerators is 2+3+4=9, the common 
denominator must be 9, since $=1. Therefore the fractions must be 
2 of $1305 = $290; § of $ 1805 = $435; 4 of $1505 = $ 580. 


2. A, B, and C leased a store for $3300 a year. A’s space 
costs twice as much as B’s, and C’s costs four times as much 
as A’s. What is the yearly rental for each? 


OPERATION. So.ution. — Assum- 

Piee2 Sail ing B’s rental to be 1 

Qe 2 ck part, A’s will be 2 x 1, 

tr of $3300 =$300, B's rental. | 4,. or 2, and 0's4x2, or 8. 
7 of $3300 = $600, A’s_,, We then have $3300 
8. of $3300 = $2400, C’s ,, to be divided into 


parte proportional to 
he numbers 1, 2, and 8. Proceeding as in Example 1, the answers are, 
$600 for A, $300 for B, and $2400 for C, 


3. Divide 5200 into parts proportional to 4, 4, and 4+ 
OPERATION, Sotution.— When fractions have a 
ee fr common denominator, they have the ratios 
of their numerators ($458). Reducing }, 
3, and + to common denominators, we 


Ine 
Pon Cre 
+ Il 


¢ of x 00 = 3000 Ans. have 45, ss, and 4';. The problem now 
gs of 5200 = 1200 is to divide 5200 into parts proportional 
gs of 5200 = 1000 to 15, @, 5. Proceeding as in Example 1, 


we have 154+6+4+5=26. }§ of 6200= 
3000; 3%, of 6200=1200; ,?, of 5200 = 1000. 
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Rure.—I. Find the sum of the numbers in proportion for a 
common denominator. Form fractions with this sum as denom- 
inator, and the proportional numbers as respective numerators. 
Take these fractional parts of the number given. 

Il. When the numbers in proportion are fractions, reduce them 
to a common denominator. The numerators may then be re- 
garded as whole numbers in the given proportion, wae which 
proceed as before. 


4. Divide 105 into parts proportional to 5, 7, 9. 

5. Divide 126 into six parts proportional to 1, 2, 3, 4, 5, 6. 

6. Divide 666 into three parts proportional to 1, 3, and +. 

7. A man bequeathed $63000 to three heirs as follows: 
To his son 4 as much as to his wife, and to his daughter 4 as 
much as to his son. How much did each get ? 

8. A man bought three houses for $112500. The first cost 
twice as much as the second, and the third three times as 
much as the first. How much did he pay for each ? 

9. A,B, and C, owned a vessel worth $52000. 13 owned 3 as 
much as A,and 0 }.as much as A. How much did each own? 

10. Four persons rent a farm of 115 A. 32 sq. rd. at $3.75 
anacre. <A puts on 144, B 160, C 192, and D 324 sheep. How 
much rent ought each to pay ? 

11. Three persons gain $ 2640, of which B is to have $6 as 
often as C $4, and D $2. What is each one’s share ? 

12. Six persons are to share among them $6300; A is to 
have } of it, B 1, C 3, D is to have as much as A and C 
together, and the remainder is to be divided between E and F 
in the ratio of 3 to 5. How much does each receive ? 

13. A father divides his estate worth $ 5463.80 between his 
two sons, giving the elder } more than the younger. How 
much is each son’s share ? 

14. Three men, A, B, and C, enter into partnership. For 
every $3 of capital A puts in, B puts in $4, and C $1. 
Their whole capital amounts to $ 20480. How much money 
does each put in? 


PARTNERSHIP, 


486. A Partnership is an association of persons for the 
transaction of business. 


487. The Partners are the individuals thus associated. 


Partners may be active or silent, general, limited or special. An 
active partner takes an active part in the business, while a silent partner 
merely furnishes capital. A general partner risks his whole property in 
the business, and must forfeit it all if necessary to pay the debts. A 
special or limited partner is responsible only for a limited sum which is 
specified in the agreement. 

When partners are to share in the profits and losses of the business in 
proportion to the amount of capital contributed, this must be distinctly 
stated in the agreement. 

488. A Firm, Company, or House is any particular partner- 
ship association. 


489. Capital, or Stock, is the money or property invested by 
the partners, called also Investment, or Joint Stock. 


490. ‘The Resources of a firm are the amounts due the firm, 
together with the property of all kinds belonging to it, called 
also Assets, or Effects. 

491. The Liabilities of a firm are its debts. 


The Net Capital is the excess of resources over liabilities. A Deficit 
is the excess of liabilities over resources. When there is a net capital 
the firm is solvent; but when there is a deyicit the firm is insolvent or 
bankrupt. 

492. Dividends are the profits to be divided among the 
partners of a company. Assessments are the sums to be paid 
by the partners to meet losses sustained. 


493. Computations in partnership may be simple or com- 
pound. 
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SIMPLE PARTNERSHIP. 


494. In Simple Partnership the capital of each partner is 
invested for the same time, and the profits and losses are 
shared in proportion to the capital contributed. 


Examples. 


495. To find each partner’s share of the profit or loss, when 
the capital of all is employed for equal periods of time. 

1. A and B engage in trade; A furnishes $500, and B 
$700 as capital; they gain $96. What is each man’s share of 
gain? 

OPERATION, Sotution. — The whole 
$500 700 = $1200, whole cap. amount of capital employed 
ce A’s part of fie cap. : 18) 0004 @ 700 oni Ds 

200 — 17) . 


i: hence, A furnishes §,9°; = 

yey =a, Bs “§ & & & ys of the capital, and B 

zr Of $96 = $40, A’s gain Pans furnishes 7,90; = Jy of the 

ah of $96=$56, Bs“ capital. Since each man’s 
; = i : 


share of the profit will have 
the same ratio to the whole profit as his part of the capital has to the 
whole capital, A will have ; of the $96, and B 7; of the $96, for their 
respective shares of the profits. 

We may also regard the whole capital as the jirst cause, and each 
man’s share of the capital as the second cause, the whole profit or loss 
as the first effect, and each man’s share of the profit or loss as the second 
effect, and solve by proportion thus: 


$1200 : $500:: $96 : = $40, A’s gain | Ans 
$1200 : $700:: $96 : =$56,B’s “ fo 


Ruxe. — Multiply the whole profit or loss by the ratio of each 
man’s share of the capital to the whole capital. Or, 


Ist cause. 2d cause. Isteffect. 2d effect. 
? 
? 


Solve by proportion. The whole capital is to each man’s share 
of the capital as the whole profit or loss is to each man’s share 
of the profit or loss. 


2. Three men trade in company; A furnishes $8000, B 
$ 12000, and C $20000 of the capital; their gain is. $1800. 
What is each man’s share? 
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3. Three men engage in trade; A puts in $6470, B $3780, 
C $9860, and they gain $7890. What is each partner’s share 
of the profit? 

4. Band C buy pork to the amount of $1847.50, of which 
B pays $739, and C the remainder; they gain $375. What 
is each one’s share of the gain? 

5. A, B, and C form a company for the manufacture of 
woolen cloths. A puts in $10000, B $12800, and C $3200. 
C is allowed $1500 a year for personal attention to the 
business; their expenses for labor, clerk hire, and other inci- 
dentals for 1 year are $3400, and their receipts during the 
same time amount to $9400. What is each one’s income 
from the business ? 

6. ‘Three men trade in company. A furnishes $8000, and 
B $12000. Their gain is $1680, of which C’s share is $840. 
What are C’s stock, and A’s and B’s gain. 

7. Four persons engage in the lumber trade, and invest 
jointly $ 22500; at the expiration of a certain time,-A’s share 
of the gain is $2000, B’s $2800.75, C’s $1685.25, and D’s 
$1014. How much capital did each put in? 

8. Three persons enter into partnership for the manufac- 
ture of coal oil, with a joint capital of $18840. <A puts in 
$3 as often as B puts in $5, and as often as C puts in $7. 
Their annual gain is equal to C’s stock. How much is each 
partner’s gain? 

9. Three persons engaged in the lumber trade; two of the 
persons furnished the capital, and the third managed the busi- 
ness; they gained $ 2571.24, of which C received $6 as often 
as D $4, and E had + as much as the other two for taking 
care of the business. How much was each one’s share of 
the gain ? 

10. A cargo of corn valued at $3475.60 was entirely lost; 
1 of it belonged to A, + of it to B, and the remainder to C. 
How much was the loss of each if there was an insurance of 
$ 2512? 
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COMPOUND PARTNERSHIP. 


496. In Compound Partnership the time for which the capi- 
tal of each partner is invested must be taken into account. 


It is evident that the respective shares of profit and loss will depend 
equally upon two conditions, viz.: the amount of capital invested by 
each, and the time it is employed. Hence they will be proportional to 
the products of these two elements. 


Examples. 


497. To find each partner’s share of the profit or loss when 
their capital is employed for unequal periods of time. 

1. Two men form a partnership; A puts in $320 for 5 
months, and B $400 for 6 months; they lose $140. What is 
each man’s share of the loss? 

OPERATION, 

5 x $320 = $1600, A’s capital for 1 mo. 
6 x $400 = $ 2400, B’s  “ “ ae 

$ 4000, entire “ <e “ 
$1600 — 2, A’s share in the eae eehtp 
$ R00 2400 — 3, B’s “ %3 
$x x $: 140 — = $ 56, A’s loss } 
3x $140 = $ 84, B’s loss f 

Sorurion.—The use of $320 for 5 months is the same as the use of 6 
times $320, or $ 1600, for one month ; and the use of $400 for 6 months is 
the same as the use of 6 times $400, or $ 2400, for 1 month ; hence the use 
of the entire capital is the same as the use of $1600 +3 2400 = = $4000 for 
1month. A’s interest in the partnership is therefore }408 = 2, and he will 
suffer % of the loss; 2 of $140 = $56 loss; and B’s interest in the part- 
nership is 7488 = 3, and he will suffer $ of the loss; % of 3140 = $ 84 loss. 

We may also solve by proportion, the causes being compounded of the 
two elements, capital and time ; thus: 

$4000 : $1600 :: $140 : ? = $56, A’s loss 
$4000 : $2400 :: $140 : ? = $ 84, B’s loss 

Ruz. — Multiply each man’s capital by the time it is employed 
in trade, and add the products. Then multiply the entire profit or 
loss by the ratio of each product to the sum of the products; the 


Ans. 


} Ans. 
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results will be the respective shares of profit or loss of each part- 
ner. Or, 

Multiply each man’s capital by the time it is employed in trade, 
and regard each product as his capital, and the sum of the prod- 
ucts as the entire capital, and solve by proportion. 


2. A, B, and C enter into partnership. A puts in $ 357 
for 5 months, B $371 for T months, C $154 for 11 months, and 
they gain $ 347.20. How much is each one’s share ? 

3. Three men hire a pasture for $55.50. A puts in 5 cows, 
12 weeks; B, 4 cows, 10 weeks; and C, 6 cows, 8 weeks. How 
much ought each to pay ? 

4. B commenced business with a capital of $ 15000. Three 
months afterward C entered into partnership with him, and 
put in 125 acres of land. At the close of the year their profits 
were $4500, of which C was entitled to $1800. What was 
the value of the land per acre ? 


5. A and B engaged in trade. <A put in $4200 at first, and 
9 months afterward $200 more. B put in at first $1500, 
and at the end of 6 months took out $500. At the end of 16 
months their gain was $772.20. What was each one’s share 
of the gain? 

6. Four companies of men worked on a railroad. In the 
first company there were 30 men who worked 12 days, 9 hours 
a day; in the second, there were 32 men who worked 15 days, 
10 hours a day; in the third, there were 28 men who worked 
18 days, 11 hours a day; and in the fourth, there were 20 men 
who worked 15 days, 12 hours a day. The entire amount paid 
to all the companies was $1500. What were the wages of 
each company ? 

7. A and B are partners. A’s capital is to B’s as 5 to 8; at 
the end of 4 months A withdraws } of his capital, and B 3 of 
his; at the end of the year their whole gain is $4000. How 
much belongs to each ? 

8. B,C, and D form a manufacturing company, with capi- 
tals of $15800, $ 25000, and $ 30000 respectively. After 4 
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months B draws out $1200, and in 2 months more he draws 
out $1500 more, and 4 months afterward puts in $1000. C 
draws out $ 2000 at the end of 6 months, and $1500 more 4 
months afterward, and a month later puts in $800. D_ puts 
in $1800 at the end of 7 months, and 3 months later draws 
out $5000. If their gain at the end of 18 months is } 15000, 
how much should each receive ? 


9. The joint stock of a company was $5400, which was 
doubled at the end of the year. A putin } for } of a year, B 
put in 2 for } of a year, and C put in the remainder for one 
year. What is each one’s share of the entire stock at the end 
of the year? 


10. Three men engaged in merchandising. A’s money was 
in 10 months, for which he received $456 of the profits; B’s 
was in § months, for which he received $ 345.20 of the profits ; 
and O’s was in 12 months, for which he received $750 of the 
profits. If their whole capital invested was $ 14345, how 
much was the capital of each ? 


11. Three men take an interest in a coal mine. B invests 
his capital for 4 months, and claims +!5 of the profits; C’s cap- 
ital is in 8 months; and D invests $6000 for 6 months and 
claims 3 of the profits. How much did B and C put in? 


12. A, B, and C engage in manufacturing shoes. A puts 
in $1920 for 6 months; B, a sum not specified for 12 months; 
and C, $ 1280 for a time not specified. A received $2400 for 
his stock and profits, B $4800 for his, and C $2080 for his. 
What were B’s stock, and C’s time ? 

13. William Gallup began trade January 1, 1895, with a 
capital of $ 3000, and, succeeding in business, took in M. H. 
Decker as a partner on the first day of the following March, 
with a capital of $ 2000; four months later, they admitted J. 
Newman as third partner, who put in $ 1800 capital; they con- 
tinued their partnership until April 1, 1897, when they found 
that $4388.80 had been gained since January 1, 1895. What 
was each one’s share ? 


ALLIGATION. 


——+o+ —_ 


498. Alligation treats of mixing or compounding two or 
more ingredients of different values or qualities. 


499. The Mean Price or Value is the average of the ingre- 
dients, or the price or value of a unit of the mixture. 


500. The Simples are the unmixed ingredients. 


501i. Alligation Medial or Average is the process of finding 
the mean or average value of several ingredients (§ 186). 


502. Alligation Alternate is the process of finding the quan- 
tities at given values to be used in any mixture of a given 
average value. 


Examples. 


503. To find the proportional quantity of each ingredient to be 
used, the mean value, and values of the ingredients, being given. 


1. A farmer wishes to mix oats worth $.50 a bushel, with 
peas worth $2.00 a bushel, to make a mixture worth $1.75 a 
bushel. What quantity of each may he take ? 


Sorurion. — If a mixture in any proportion 
a of oats worth $.50 a bushel, and peas worth 
1 75 { $ .50 ¢| 4 $2.00 a bushel, is sold for $1.75, there will be 

$2.00!4!20! a gain on the oats, the ingredient worth less 

than the mean price, and a loss on the peas, 

the ingredient worth more than the mean price, and if we take such quanti- 

ties of each that the gain and loss are each $1.00, a wnit of value, the result 

will be the required mixture. By selling 1 bushel of oats worth $.50 for 

$1.75, there is a gain of $1.75 — $.50 = $ 1 25, and to gain only $1.00 we 

must take 499 = 4 of a bu. Hence we place 4 opposite the $.50, By 

selling 1 bushel of peas worth $2.00 for $1.75, there is a loss of $.25, and 

to lose $1.00, we must take 49° = 4 bushels; hence we place 4 bushels 
295 
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opposite the $2.00. Therefore ¢ bu. oats to 4 bu. peas are the propor- 
tional quantities required. But since multiplying both terms of a ratio 
by the same number does not alter its value (§ 459) we may change ¢ to 
an integer by multiplying both 3 and 4 by 5, the least common multiple 
of the denominator; and we obtain the integers 4 and 20 for the propor- 
tional terms, ‘That is, we may take 4 bu. of oats to 20 bu. of peas. ‘To 
prove this, 4 bu. of oats at 3.50 cost $2.00; 20 bu. of peas at $2.00 cost $40; 
hence 24 bu. of the mixture cost $42, and 1 bu. costs $1.75 as required. 


2. What relative quantities of candy at 7 cents, 8 cents, 11 
cents, and 14 cents per pound, must a manufacturer mix to 


produce a mixture worth 10 cents per pound ? 

OPERATION, So.tution.— To preserve the equality of 
1/2314) 5 gains and losses, we must compare two prices 
eet S22) or simples, one greater and one less than the 

4] mean rate, and treat each pair or couplet as 
3 il | 1| @ separate example. ‘Thus, comparing the 
10 11 1 2 | 9| simples whose prices are 7 cents and 14 cents, 
| 3 we find that, to gain 1 cent, } of a pound at 7 
cents must be taken, and, to lose 1 cent, } of 


Or, a pound at 14 cents must be taken ; and com- 
1/23)415 paring the simples the prices of which are 8 
eet eel Le fees cents and 11 cents, we find that } pound at 

74 il 1] 8 cents must be taken to gain 1 cent, and 1 

10 8 4 2|2] pound at 11 cents must be taken to lose 1 cent. 
11) 1 3 3| These proportional terms are written in col- 

14 4 alist umnsland2. We now reduce these couplets 


separately to integers, as in the last example, © 

writing the results in columns 3 and 4; and arranging all the terms in 

column 5, we have 4, 1, 2, and 3 for the proportional quantities required. 

If we compare the prices 7 and 11 for the first couplet, and the prices 8 

and 14 for the second couplet, as in the second operation, we shall obtain 
1, 2, 3, and 1 for the proportional terms. 


3. What quantities of flour worth $4, $5.60, and $6 a bar- 
rel, must be sold to realize an average price of $ 5.50 a barrel ? 


OPERATION. Sotution. — Comparing the first 

1|2\|3)4)|5 1) price and the third, with $1 as a 

awinsallpasleas\can unit, we obtain the couplet ? to 2; 

4.00 $ $ 2)2/4 and comparing the first price with 

$ 5.50| 5.60 10 30/30] the second we obtain the couplet 

6.00} 2 6 6 | 2 to 10. Reducing the couplets to 

integers we find that we may take 

2 barrels of the first kind with 6 of the third, and 2 of the first kind with 

80 of the second. These two combinations taken together give 4 of the 
first kind with 80 of the second and 6 of the third. 
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Rore.—I. Write the values of the several ingredients in a 
column, and the mean value at the left. 


Il. Consider any two values, one of which is less and the other 
greater than the mean value, as forming a couplet; find the differ- 
ence between each of these values and the mean value, and write 
the reciprocal of each difference opposite the given value in the 
couplet, as one of the proportional terms. In like manner form the 
couplets, till all the values have been employed, writing each pair 
of proportional terms in a separate column. 


Ill. Ifthe proportional terms thus obtained are fractional, mul- 
tiply each pair by the least common multiple of their denominators, 
and carry these integral products to a single column, adding any 
two or more that stand in the same horizontal line ; the final 
resulls will be the proportional quantities required. 

Nores. —1. If the numbers in any couplet or column have a common factor, it may be 
rejected, and if the denominator of two or more fractions in any couplet have a common 
factor, it may also be rejected. Thus yy=$x 3 and s4=}%}; hence ¢ may be rejected, 
and yy i Jy may be expressed 4: 3. 

2. We may also multiply the numbers in any couplet or column by any multiplier we 
choose, without affecting the equality of the gains and losses, sines the value of a ratio 


remains unchanged when both its terns are multiplied by the same number (§ 459). We may 
thus obtain an indefinite number of results, all of which will give correct answers. 


4. A farmer had three pieces of land worth $ 40, $60, and 
$80 an acre respectively. How many acres must he sell from 
the different tracts, to realize an average price of $62.50 an 
acre ? 

5. A retailer places on a bargain counter silks at $ .60, $.50, 
$ .42, $.38, and $.30 a yard, and marks them all at $.45. 
How many yards of each kind must he sell so as neither to 
gain nor lose ? 

6. How may wheat worth $.56, $.40, and $.60 a bushel be 
mixed to produce a mixture worth $.55 a bushel ? 

7. What relative quantities of silver } pure, $ pure, and 
zo pure, will make a mixture { pure ? 

8. What relative quantities of alcohol 75%, 80%, 98%, and 
99% pure, must be mixed to produce a mixture which shall be 
95% pure ? 
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504. To find the proportion of all the quantities when two or 
more of the quantities are required to be in a certain proportion. 


1. A farmer having oats worth $.30 per bushel, corn worth 
$.52 per bushel, and wheat worth $.62 per bushel, desires to 
form a mixture worth $.50 per bushel, which shall contain 
equal parts of corn and wheat. In what proportion shall the 
ingredients be taken ? 


OPERATION. Sorution. — We first obtain the pro- 
11/21314)516 portional terms in columns 3 and 4, as 

— in Example 3, § 505, taking 1 cent as 
30}s5/a5 |] 1] 3] 6) 7 | the unit or standard. Now, it is evi- 


50|52) 4 10 10] dent that the loss and gain will be 
62 ver 5 |10/10 equal if we take each couplet, or any 
multiple of each, alone; or both coup- 


lets, or any multiples of both, together. Multiplying the terms in column 
4 by 2, we obtain the terms in column 5; and adding the terms in 
columns 3 and 5, we obtain the terms in column 6; that is, the farmer 
takes 7 bushels of oats to 10 of corn and 10 of wheat, which is the 
required proportion. 


Ruxrz.—I. Compare the given values, and obtain the propor- 
tional term by couplets, as in § 503. 


Il. Reduce the couplets to higher or lower terms, as may be 
required ; then select the columns at pleasure, and combine them 
by adding the terms in the same horizontal line, till a set of pro- 
portional terms is obtained, answering the required conditions. 


2. A grocer has four kinds of molasses, worth $ .25, $ .35, 
$ .28, And $ .38 per gallon, respectively. In what proportions 
may he mix the four kinds, to obtain a compound worth $ .30 
per gallon, using equal parts of the first two kinds ? 

3. In what proportions may we take candy at $.07, $.08, 
$.13, and $.15 a pound, to form a compound worth $.10 a 
pound, using equal parts of the first three kinds ? 

4. A miller has oats at $.30, corn at $.50, and wheat at 
$.70 per bushel. He desires to form a mixture worth $.60 
per bushel, using equal parts of oats and corn. What quantity 
of each must he use ? 
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505. To find the proportion when the quantity of one of the 
ingredients is limited. 

1. A miller has oats worth $.38, corn worth $.44, and 
barley worth $.65 per bushel. He wishes to form a mixture 
worth $.58 per bushel, containing 100 bushels of corn. How 
many bushels of oats and barley may he take? 


OPERATION. Soturion. — By § 503, we find 

Lose aa 6 the proportional quantities to be 7 

Ps = alee bushels of oats to 1 of corn and 22 

[38 vy ‘ 7 | 700 | of barley. But as 100 bushels of 
58 5 44 tr 1 | 1 | 100 | corn, instead of 1, are required, we 
| 65| 4+ | 4 ||20 | 2 |22)2200| must multiply this term by 100, and 


to preserve the proportion the other 
two terms must also be multiplied by 100; we then have 700 bushels of 
oats, and 2200 bushels of barley. 

Rure.— Find the proportional quantities by § 503. Divide 
the given quantity by the proportional quantity of this ingredient, 
and inultiply each of the other proportional quantities by the quo- 
tient thus obtained. 


2. A dairyman bought 10 cows at $20 ahead. How many 
must he buy at $16, $18, and $ 24 a head, so that the whole 
may cost him an average price of $ 22 a head ? 

3. A man bought 12 yards of cloth for $15. How many 
yards must he buy at $14, and $4%a yard, that the average 
price of the whole may be $14 a yard? 

4. How much water will dilute 9 gal. 2 qt. 1 pt. of alcohol 
96 % strong to 84% ? 

5. A grocer mixed teas worth $ .30, $ .55, and $ .70 per pound, 
forming a mixture worth $.45 per pound, having equal parts 
of the first two kinds, and 12 pounds of the third kind. How 
many pounds of each of the first two kinds did he take ? 

6. How many gallons of water must I mix with 36 gallons 
of vinegar worth $.35 per gallon to make a mixture worth 
$ .30 per gallon ? 

7. How many pounds of tea worth $.45 and $.50 a lb. 
respectively, must be mixed with 20 lb. at $.30 a lb. to make 
a mixture worth $.40 a lb. ? 
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506. To find the proportion when the quantities of two or 
more of the ingredients are limited. 


1. How many bushels of wheat at $.75 a bushel and of 
peas at $2.00 a bushel, must be mixed with 18 bushels of oats 
at $.40, 8 bushels of corn at $.50, and 4 bushels of barley at 
$ .65, that the mixture may be worth $.76 per bushel ? 


OPERATION, 
$.40x18=$ 7.20 
50x S= 4.00 
65x 4= 2.60 
30 ) $13.80 


Mean price of the $ 46 
given simples 
ae 6 
46] 35 32 62} 62 x #9 = 30 
76) 75 1 124}124)124 x 89 = 60 
200|s4e|z3q1]15! 1] 16] 16x 2°= 723 


Sorurion. — Of the given quantities there are 18 + 8 + 4 = 30 bushels, 
whose mean or average price we find by §187to be $.46. We are there- 
fore required to mix 30 bushels of grain worth $.46 per bushel, with 
wheat at $.75 and peas at $2.00 to make a mixture worth $.76 a bushel. 
Proceeding as in § 605, we find there will be required 60 bushels of wheat 
and 73} bushels of peas. 


Rute. — Consider those ingredients whose quantities and values 
are given as forming a mixture, and find their mean value by 
§ 187; then consider this mixture as a single ingredient whose 
quantity and value are known, and find the quantities of the 
other ingredients by § 505. 


If in reducing the fractions to integers, we do not multiply by their 
least common denominator, different mixtures may result which will also 
answer the conditions. ‘This will always be the case except when each 
couplet is multiplied by the same multiple of its least common denomi- 
nator. Thus in the example given above, if we made column 3, 124 
(2 x 62) and 80 (2x 15) and column 4, 248 (2 x 124) and 2 (2x1) 
the answer would be the same. ‘The following are illustrations of differ- 
ent results. 
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OPERATION, 
pole |e 6 at SE J 
'46| gol ||124 124] 124 x 2%, = 30 
76| 75 1 124| 124/124 x 3, = 30 
}206|4¢}rdr{] 30] 1] 31] 31x a= 7h 
] 46] 62 62| 62x %3= 30 


76) 75 1 1860 |1860|1860 x $3 = 900 
200{s45|/ahe]] 15] 15] 30] 30x ag= 1426 


So.urion.—In the first case, first couplet 5 
1 
joi * 30 x 124=80. In the second couplet we multiply 1 and y}q each 
Ps 


x $0 x 124=124 and 


by 124. Adding columns 3 and 4 and then proceeding as before we have 
the proportion 30, 30, and 7}. These results prove. to be correct, for 
(30 x $.46) + (30 x $.75) + (74 x $2.00) = $51.30; 3043047} = 674; 
$51.80 + $74 =§.76, the required price of a bushel of the mixture. 

In the second case we multiply the first couplet by its least common 
denominator, 1860, and obtain 62 and 15; we also multiply the second 
couplet by 1860 and obtain 1860 and 15. Proceeding as before we find 
the proportion to be 80, 900, 14}%. These results prove to be correct, 
for (80 x $46) + (900 x $.75) + (14}4 x $2.00) = $717.83, ; 30 + 900 
+1444 = 94414. $717.83, + 944)¢ =$.76. Hence it is evident that 
an indefinite number of correct results might be obtained. 

2. A man bought 7 yards of cloth @ $2.20, and 7 yards @ 
$2. How much must he buy @ $1.60, and @ $1.75 that the 


average price of the whole may be $1.80? 

3. How much sugar at $.07 per pound and $.03 per pound 
must be mixed with 5 lb. @ $.04 and 2 lb. @ $.08 to make a 
mixture worth $.06 per pound ? 

4. A farmer has 40 bushels of wheat worth $2.00 a bushel, 
and 70 bushels of corn worth $4 a bushel. How many oats 
worth $4 a bushel must he mix with the wheat and corn to 
make the mixture worth $.60 a bushel ? 


5. A man bought 2 pounds of tea at $.40 a pound and 6 
pounds at $.60 a pound. How much must he buy at $.75 a 
pound and $.69 a pound respectively to make a mixture worth 
$.65 a pound ? 
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507. To find the proportion when the quantity of the whole 
compound is limited. 

1. A tradesman has three kinds of tea, worth $.30, $.45, 
and $.60 per pound, respectively. What quantities of each 
should he take to form a mixture of 72 pounds, worth $.40 


per pound ? 
OPERATION. So.turion. — By § 503 we find the 
y 

1128141516 proportional quantities to form the 
|e lacle lem! mixture to be 3 Ib. at $.30, 2 lb. at 
ie To} ro|}2)1}3)36] g.45, andi Ib. at $.60. Adding 
40 | 45 2|2)|24)| these proportional quantities, we find 

| hey Id f i 
60 1/12 that they would form a mixture of 6 
0 1 —|——| pounds. And since the required mix- 


6|72 ture is jZ0r 12 times 6 pounds, we 
multiply each of the proportional terms by 12, and obtain for the 
required quantities, 36 lb. at $.30, 24 lb. at $.45, and 12 lb. at $.60. 
Rue. — Find the proportional numbers as in § 503. Divide 
the given quantity by the sum of the proportional quantities 
and multiply each of the proportional quantities by the quotient 
thus obtained. 


Norr. — When the sum of the proportional parts is not an exact divisor of the given 
quantity, cach couplet must be multiplied by such numbers as will make the sum of the 
proportional parts on exact divisor of the whole quantity. 


2. A grocer has coffee worth $.20, $.25, and $.40 per pound, 
respectively. How much of each kind must he use to fill a 
cask holding 250 lb. that shall be worth $.30 a pound ? 

3. A man bought 154 calves, sheep, and lambs for $154. He 
paid $3} for each calf, $14 for each sheep, and $4 for each 
lamb. How many did he buy of each kind? 

4. A man paid $165 to 55 laborers, consisting of men, 


‘women, and boys; to the men he paid $5 a week, to the 


women $1 a week, and to the boys $4 a week. How many 
were there of each ? 

5. A man who sells turkeys at $.75 each, geese at $.50, 
ducks at $.35, and chickens at $.20, receives $56 for 140 
fowls. How many of each does he sell ? 


Succrstion. —y,:4::}:3}. If we make the couplets }, 3}, 2, and 1 
their sum will be 7, which is an exact divisor of 140. 


PERCENTAGE. 


508. Per Cent is a contraction of the Latin phrase per 
centum, and signifies by the hundred ; that is, a certain part of 
every hundred of any denomination. Thus, 4 per cent means 
4 of every hundred. 


509. Percentage embraces all processes of computation in 
which the basis of comparison is one hundred. 


510. The character, %, is generally employed in business 
transactions to represent the words per cent; thus 6% signi- 
fies 6 per cent. 

511. Since any per cent is some number of hundredths, it is 
properly expressed by a decimal fraction; thus 5 per cent = 
5% =.05. Per cent may also be expressed, however, by a 
common fraction, as follows: 


Decimals. Common Fractions, Lowest Terms. 
1 % = OL = Too = Too 
20% = 2 = th = 4 
123% = 15 = 5 = L 
100 %@ = 100 = 2 = 1 
$% = 005 = yh = at 
Examples. 


512. Express decimally and by common fractions in their 
lowest terms: 


We 3%:, 6. 18%. a 4Lq. 48) 490 ced 
2. 9%. 6. 87%. 10. 5h%. 14. 3%. 18. 374%. 
8. 16%. 7. 125%. 11. 83%. 15. 4%. 19. 429%. 
4. 75%. 8. 184%. 12. 244%. 16. 2%. 20. ST4%. 


803 
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21. What per cent is .0725 ? 
Sotution. —.0725 = .07} = 74% Ans. 
What per cent is: 


22. .065? 25. 014? 28. .028? 31. .004,%? 

23. 14375 ? 26. .1025 ? 29. .1324 ? 32. .003z5 ? 

24. 0975? 27. .004? 30. .0843 ? 33. .054? 
Change the following fractions to equivalent per cents: 

34. 2. 36. t. 38. 4. 40. 4}. 42. ly. 

35. 4. 3% de 39. §. 41. shy. 43. 4 


513. In the operations of Percentage there are five parts or 
elements, namely: Rate Per Cent, Percentage, Base, Amount, 
and Difference. 


514. Rate Per Cent, or Rate, is the decimal which denotes 
how many hundredths of a number are to be taken. 


Norrs.—1. Such expressions as 6 per cent, and 59%, are essentially decimals, the 
words per cent, or the character %, indicating the decimal denominator. 

2, —If the decimal is reduced to a common fraction in its loves? fev, Unis fraction will 
still be the equivalent rate, though not the rate per cent. 


515.. The Percentage is that part of any number which is 
indicated by the per cent. 

516. The Base is the number on which the percentage is 
computed. 

517. The Amount is the sum obtained by adding the per- 
centage to the base. 

518. ‘The Difference is the remainder obtained by subtracting 
the percentage from the base. 

519. Corresponding to the five elements in percentage, there 
are five Problems, which may be stated as follows: 


1. Given the base and rate, to find the percentage, amount, and 
difference. 


2. Given the percentage and base, to find the rate. 
3. Given the percentage and rate, to find the base. 
4. Given the amount and rate, to find the base. 

5. Given the difference and rate, to find the base. 
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Examples. 


520. Given the base and rate, to find the percentage, amount, 
and difference. 


1. What is 4% of $125, and what are the amount and 
difference ? 


$125 OPERATION. 
04. 
$5.00, Percentage. Or, 3, of ue = ioe Percentage. 
$125+ $5 = $130, Amt. $125 — = $ 120, Diff. 
Or, 
100% +4% =104%; 1.04 of $125 = See Amt. 
100% —4% =96%; .96 of $125 = $120, Diff. 


SoLution.—4% of $125 =.04 of $125, or $6. Ord4%=35; x; of 
$125 = $5, percentage. 

Since the amount is the base plus the percentage, it is $1254 $5 = 
$130; and since the difference is the base minus the percentage, it is 
$125 —$5=$120. Or, the base 100% + the rate 4% = 104%, the amount 
expressed in percent. 104% of $125 = 1.04 of $125 = $130, Amt. ; and 
the base 100% — the rate 4% = 96%, the difference expressed in per cent. 
96% of $125 = .96 of $125 = $120, Diff. 


Rurr.—I. To find the percentage. pas the base by the 
rate per cent. 

II. To find the amount. — Add the percentage pon base. 

Ill. To find the difference. — Subtract the percentage from the 
base. 

IV. To find the amount or difference directly from the 
base. — Add the rate per cent to 100%, and multiply the base by 
this per cent, expressed decimally, to Jind the amount ; and subtract 


the rate from 100%, and multiply the base by the result to find 
the difference. 


Norrs.—1. When the given per cent is an aliquot part of 100, multiply by the aliquot 
part expressed by a fraction in its lowest term. Thus, instead of multiplying by 834 % take 
3 ofthe number, If the per cent is S74, take J of the number, ete. 

2. To find 10% (= yy) of a number, move the decimal point one place to the left. 


What is: 
2. 4% of 250? 5. 124% of $5600? 8. 75% of 487 bu.? 
8. 7% of 350? 6. 9% of T851b.? 9. 331% of 276 men ? 
4. 16% of 324? 7. 25% of 960 mi.? 10. 4% of $2364? 
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Find: 
11. 105% of $5760. 13. 1124% of 2450. 
12. 33% of $856. 14. 662% of 846. 


“15. A man owes $536 to A, $450 to B, and $784 to C. 
How much money will be required to pay 54% of his debts ? 

“16. My salary is $1500a year. If I pay 15% for board; 5% 
for clothing, 6% for books, and 8% for incidentals, what are 
my yearly expenses and how much have I left ? 


Nore. —15%+5%+6%+S8%=34%. In all cases where several rates refer to the 
same base, they may be added or subtracted, according to the conditions of the question, 


‘a7. A man having a yearly income of $3500, spends 10% 
of it the first year, 12% the second year; and 18% the thivd 
year. How much does he save in the 5 yee 
»18. A had $6000 in a bank. He drew ont 25% of it, then 
30% of the remainder, and afterward deposited 10% of what 
he had drawn. How much had he then in bank ? 

‘19. A began business, Jan. 1, with a capital of $5400, and 
at the end of 1 year his ledger showed the condition of his 
business as follows: For Jan., 2% gain; Feb., 314% gain; 
March, $% loss; Apr., 2% gain; May, 2}% gain; June, 14% 
loss; July, 14% gain; Aug., 1% loss; Sept., 27% gain; Oct., 
4% gain; Nov., #% loss; Dec., 3% gain. Find the profits 
and the amount of the capital at the end of the year. 


"sg ? 


521. Given the percentage and base, to find the rate. 
1. What per cent of 360 is 18 ? 


OPERATION. So.turion. — Since the percentage is 
18 + 360 = .05 =5% Ans. always the product of the base and rate 
0 (§ 520), we divide the given percentage, 
tT, 18, by the given base, 360, and obtain 
des =ay= -05=5% Ans. the required rate, .05 = 5%, 


Ruxx. — Divide the percentage by the base. 


What per cent of: 
2. $720 is $21.60? 5. 46 gal. is 5 gal. 3 qt.? 
8. 1560 lu is 234 lb. ? 6. 7.85 mi. is 5.495 mi. ? 
4. 980 rd. is 49 rd. ? 7 fis 2? 

+s. x 
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8. An editor having 5600 subscribers, lost 448. What was 
his loss per cent ? 

9. A merchant owes $7560, and his assets are $4914. 
What per cent of his debts can he pay ? 

10. A man shipped 2600 bushels of grain from Chicago, and 
455 bushels were thrown overboard during a gale. What was 
the rate per cent of his loss ? 

11. A miller having 720 barrels of flour, sold 288 barrels. 
What per cent of his stock remained unsold ? 

12. Ina class examination, 165 questions were submitted to 
each of the 5 members; A answered 130, B 125, C 96, D 110, 
and E160. What was the standing of the class ? 

522. Given the percentage and rate, to find the base. © 

1. 18 is 5 % of what number ? 

OPERATION. ~ + . 
th 05 800 Aun ARON e cet emma ee 
Or, divide the given percentage, 18, by the given 
TRia = 360 Ans. rate, .05, or 45, and obtain the base, 360. 
Rune. — Divide the percentage by the rate. 
What is the number of which: 
2. 18 is.25 %? 4. 17.5is 21%? (6. 414is 120 %? 
3. 541s 15%? 5. 2.28is5 %? 7. 6119 is 105}-% ? 
8.. The percentage is $ 18.75, and the rate is 24%. What is 
the base ? 
9. The percentage is 314, and the rate 314%. What is the 
base ? ‘ . ; 

10. I sold my house for $ 457 8, which was 84% of its cost. 
What was the cost ? 

11. A wool grower sold 3150 head of sheep, and had 30% of 
his original stock left. How many sheep had he at first ? 

12. A man drew 40% of his bank deposits, and expended 
131% of the money thus drawn in the purchase of a carriage 
worth $116. How much money had he in bank ? 

13. If $147.56 is 134% of A’s money, and 43% of A’s 
money is 8% of B’s, how much more money has A gba B? 


OO 
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14. Ina battle 4% of the army were slain upon the field; 
and 5% of the remainder died of wounds, in the hospital. 
The difference between the killed and the mortally wounded 
was 168. How many men were there in the army ? 


SuaceEstion. — 1.00% —4% =96%, lett after the battlo; and 5% of 96% =48%, the 
part of the army that died of wounds. The difference between 48% and 4% is 4%. 


15. A owns ? of a prize and B the remainder; after A has 
taken 40% of his share, and B 20% of his share, the remain- 
der is equitably divided between them by giving A $1950 
more than B. What is the value of the prize ? 


523. Given the amount and rate, to find the base. 
1. What number increased by 5% of itself is equal to 378 ? 


OPERATION. 36 “ - iawic ioe 

~ LuTION. — If any number is increased 

1+ 05 = 1.05 by 5% of itself, the amount will be 1.05 
878 + 1.05 = 360 Ans. times the number. We therefore divide 
Or, the given amount, 378, by 1.05, or 3}, and 

1 = Hh obtain the base, 860, which is the number 


required, 


378 + 31 = 360 Ans. 


Ruxxz. — Divide the amount by 1 plus the rate. 


Nore. — The amount is always a product, of which the base is one factor, and 1 plus 
the rate the other factor. 


2. What number added to 15% of itself is equal to 644? 

» 3. A has $815.36, which is 4% more than B has. How 
much money has B ? 

» 4. Having incroased my stock in trade by 12% of itself, I 
tnd that I have $3800. How much had I at first ? 

»5. In 1890 the population of Albany was 164555, which 
was an increase of 6,%.% over that of 1880. What was the 
population in 1880 ? 

6. My crop of wheat this year is 8% greater than my 
crop of last year, and I have raised during the two years 5200 
bushels. What was my last year’s crop ? 

yi Succrstion, —1,00 + 1.08 = 2.08. Hence, 5200 bu. = 2.08 of last year's crop. 

7. The net profits of a nursery in two years were $6970, 
and the profits the second year were 5% greater than the 
profits the first year. What were the profits each year ? 


\s 
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6. My agent in New York has sold a quantity of Indiana 
wheat for $4900, and of corn for $2664. Whats is his com- 
mission at 24% ? 

7. A commission merchant sold a consignment of flour and 
pork for '$25872. He charged $182 for storage, and 64% . 
commission. What were the net proceeds of the saie? »; 

8. An agent for a Rochester nurseryman sells 4000 apple 
trees at $25 per hundred, 2000 pear trees at $50 per hundred, 
1600 peach trees at $20 per hundred, 1800 cherry trees at $ 50 
per hundred, and 500 plum trees at $50 per hundred. What 
is his commission at 80%, and how much should he return to _ 
his employer as the net proceeds, after deducting $203.50 
for expenses ? 

9. A lawyer having a debt of $785 to collect, compromises 
for §2%. What is his commission at 5% ? 

10. An agent received $63 for collecting a debt of $1260. 
What was the rate of his commission ? ' 

11. My Charleston agent charged $74.25 for purchasing 
26400 Ib. of rice a $4.50 per 100 lb. What was the yats 
of his commission ? 


12. A house and lot were sold for $7850, and the owner 
received $7732.25 as the net proceeds. What was the rate 
of commission ? 


13. A commission merchant in Boston sells cotton to the 

amount of $3500. After deducting $35.36 for freight and 
eartage, $10.50 for storage, and his commission, he remits to 

his employer $ 3252.89 as the net proceeds of the sale. At what 
rate did he charge commission ? 

14. The net proceeds of a sale were $ 5635, and the commis- 
sion was $115. What was the rate of commission ? 

15. An agent received $ 22.40 for selling grain at a commis- 
sion of 4%. What was the value of the grain sold? 

16. My attorney, in collecting a note for me at a commission 
of 8%, received as his fee $6.80. What was the value of 
the note? 
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17. Areal estate agent sold a house for a certain sum of 
money and remitted $19600 to the owner, after deducting his 
commission of 2%. For how much did the agent sell the 
house ? 

8. Anagent solda piano. After deducting his commission 
of 10% he sent the owner $450. How much did the purchaser 
pay for it? 

jie. I sent to my agent in Boston $255, to be invested in 
calico at $.15 per yard, after deducting his commission of 2%. 
How many yards shall I receive ? 

x 0. John Kennedy, commission merchant, sells for Ladd 
& Co. 860 barrels of flour @ $3.50, on a commission of 24%. 
He invests the proceeds in dry goods, after deducting his com- 
mission of 14% for purchasing. How many dollars’ worth of 
goods do Ladd & Co. receive ? 

\\21. A commission merchant, whose rate both for selling and 
investing is 5%, receives 24000 lb. of pork, worth $.06 a Ib., 
and $3000 in cash, with instructions to invest in a shipment 
of cotton to London. What will be his entire commission ? 

22. A speculator received $3290 as the net proceeds of a 
sale, after allowing a commission of 6%. What was the value 
of the property ? 

23. The net proceeds of a shipment of hay, after deducting 
a commission of 3%, and $500 for other charges, was $6290. 
What was the selling price ? 

z4. T send a quantity of dry goods into the country to be 
sold at auction, on commission of 9%. What amount of goods 
must be sold, that my agent may buy produce with the avails, 
to the value of $3500, after retaining his purchase commission 
of 4% ? 

Norr. — $3500 plus the agent’s commission equals tho net proceeds of the sale. 


25. Having sold a consignment of cotton on 3% commission, 
I am requested to invest the proceeds in city lots after deduct- 
ing my purchase commission of 2%. My whole commission is 
$265. What is the price of the city lots? , 


TRADE DISCOUNT. 219 


TRADE DISCOUNT. 


538. Trade or Commercial Discount is a deduction from the 
face of bills, from the list price of goods, or from the amount 
of a debt, without regard to téme, and is usually expressed by 
the term, “per cent off.” 


Thus, a discount of 25% means a deduction of 25% from the asking 
price. A discount of 30% and 10% does not mean 40% off, but that 
30 % is first to be deducted, leaving 70% of the price, then 10% of 70 ¥, of 
the price, equal to 7%, is deducted from the remainder, leaving 63% ; so 
that the total discount is but 87%. 3 tens and 5% off means three suc- 
cessive discounts of 10% and 5% from the remainder, ete. 

539. The List Price is called the fixed price, and the dis- 


count is sometimes called a Rebate. 


540. The Net Price is the list price, less the discount, or the 
price received for the goods. 


Nores, — 1. Trade discounts are made to avoid the necessity of changing list or cataloguo 
prices when the market price changes; the list price remains the same, and the discounts 
* are changed to meet the rise or fall in prices, 
2. Cash discounts are discounts made In consideration of immediate payment; time 
discounts are discounts made in consideration of the payment of a bill within a limited 
time. 


541. The caleulations of trade discount are hased on the 
following relations: 
I. The List Price or Amount of Bill is the Base. 
Il. Vhe Rate of Discount is the Rate Per Cent. 
III. The Discount is the Percentage. 
IV. The Net price is the Difference. 


Examples. 


542. 1. What is the net cost of a bill of goods amounting 
to $975, bought at 10% discount, and 5% off for cash ? 


OPERATION. Sotution. —The first discount 

1.00 — .10 = .90 of 10% leaves 100% —10%=90% 
05 of .90 = .041 of the asking price. The second 

UDO ENT Ovi discount is 5% of 90% or 4}%; and 
90 — .044 = 854 90% —44% = 853%. ‘Then we have 


$975 x .855 = $ 833.625 Ans. $975, the base or cost, and 854%, 


which corresponds to 1 minus the 
rate, and we find the net cos¢ or difference by § 620. 
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Find the net cost and discount of the following bills: 

2. Bought for $750, on 3 mo., at 20% discount, and 4%, 
off for cash. 

3. Bought for $365.75, on 4 mo., at 20%, 10%, and 5% 
off for cash. 

4. Bought for $1600 at successive discounts of 15%, 
2%, and 5%. 

5. Bought for $2340 at successive discounts of 331%, 
5%, and 2%. 

6. Bought for $260, on 90 da., at 2 tens and 3% off for 
cash. 

7. What is the difference on a bill of $650, between a dis- 
count of 30%, and a discount of 25% and 5% off? 

8. What is the price of books which, after a discount of 
334% has been deducted cost 5.663 each ? 

9. What is the amount of a bill which, after a rebate ot 
121%, amounts to $ 260.75 ? 

10. What is the net amount of a bill of $169.75 subject to 
a discount of 30%, 10%, and 5% off for cash ? 

11. If I buy goods amounting to $2359 at discounts of 
334%, 10%, and 5%, how much do they cost me? 

12. I can buy goods from A, B, C, or D at the same list 
price, but A will allow me successive discounts of 20%, 10%, 
and 5%; B will allow successive discounts of 5%, 10%, and 
20% ; C10%, 20%, and 5%, and D 20%,5%, ard 10%. Which 
will be the best purchase to make? Explain why. 

13. A man buys goods listed at $8.00 at a discount of 20%, 
and a certain per cent additional for cash. If he pays $6.08 
for them, what is the cash discount ? 

14. A man buys a quantity of goods listed at $250 at a dis- 

count of 10% and a certain per cent additional for cash. The 
net cost of goods is $213.75. What is the cash discount? 

15. Which is more profitable, to buy goods costing $2000 
at successive discounts of 12%, 5%, and 2%, or 2%, 8%, and 
i what is the difference ? 
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INSURANCE. 


543. Insurance is security guaranteed by one party to an- 
other, for a stipulated sum, against damage or risk. It is of 
two kinds: insurance on property and life insurance. 


544. Property Insurance includes I‘ire Insurance, Marine In- 
surance, and Live Stock Insurance. 


Fire Insurance is indemnity for loss of property by fire. Marine and 
Inland Insurance are indemnity for the loss of a vessel, or cargo, by 
casualties of navigation on the ocean or on inland waters. Stock Insur- 
ance is indemnity for the loss of cattle, horses, etc. 


545. ‘lhe Insurer or Underwriter is the party taking the risk. 

546. The Insured or Assured is the party protected by the 
insurance. 

547. The Policy is the written contract between the parties. 


548. ‘he Premium is the sum paid by the insured to the in- 
‘er, and in insuring property is estimated at a certain rate 
per cent of the amount insured, which rate varies according to 
the degree of hazard, or class of risk. 


suy 


549. The Sum Insured is the face of the policy. 
Nores I. — As a sceurity against fraud, most insurance companies take risks at not more 
than two th the full value of the property insured. When insured property suffers 
damage less than the amount of the policy, the insurers pay only the estimated loss, 

2. Insurance business is generally conducted by Joint-stock Companies, or Mutual 
Companies. 

$3. A Stock Insurance Company is one in which the capital ls owned by individuals 
called stockholders. They alone share the profits, and are liable for the losses. 

4. A Mutual Insurance Company is one in which each person insured is entitled to a 
share in the profits of the concern, and is liable for the losses. The annual dividends re- 
turned by such companies (in caso of profits) reduce the premium or cost of insurance; 
and the assessments made (in ease of loss) increase the cost to the policy hokler. 


550. The calculations in insurance are based upon the fol- 
lowing relations: 
I. Premium is Percentage. 
IL. ‘Lhe Rate of Premium is the Rate Per Cent. 
IIL. The Sum Insured is the Base of premiun. 


IV. The Sum Covered by insurance is Difference: 
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Examples. 


551. 1. What premium must be paid for insuring my stock 
of goods to the amount of $ 5760 at 11% ? 

So.urion.— According to § 520, 

CEE HATION: we multiply $5760, the base of pre- 

$5760 x .0125= $72 Ans. miun, by .0125, the rate, and obtain 

$72, the premium. 
2. For what sum must a granary be insured at 2% in order 
to cover the loss of the wheat, valued at $1617, and the pre- 


mium ? 


So_ution.— According to § 524, 
OPERATION. we divide the sum to be covered, 
4.00 — .02 =.98 $1617, which is digerence, by 1 minus 


. the rate of premium, and obtain 
$1617 + .98 = $1650 Ans. $1650, the base of premium, or the 


sum to be insured. 
Proor. — $1650 x .02 = $38, premium; $1650 —$383 = $1617, the 
sum covered, 

3. What must be paid for an insurance of $ 5860 at 14% ? 

4. What is the premium of $860 at 4% ? 

5. What is the premium for an insurance of $3500 on my 
house and barn, at 14% ? 

6. A fishing craft, insured for $ 10000 at 21%, was totally 
wrecked. How much of the loss was covered ? 

7. A hotel valued at $ 10000 has been insured for $ 6000 
at 14%, $5.50 being charged for the policy and the survey of 
the premises. If it should be destroyed by fire, what loss 
would the owner suffer ? 

8. A merchant whose stock in trade is worth $ 12000, gets 
the goods insured for 4 of their value, at $%. If in a confla- 
gration he saves only $ 2000 of the stock, what actual loss will 
he sustain ? : 

9. I pay $12 for an insurance of $800. What is the rate 
of premium ? 

10. A trader got a shipment of flour insured for 80% of its 
cost, at 34%, paying $107.25 premium. At what price did 
he purchase the flour ? 
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11. If I take a risk of $36000 at 21%, and reinsure } of 
it at 3%, what is my balance of the premium ? 

12. What will be the cost of insuring a quantity of wheat 
valued at $7500, at +% ? 

13. How much will it cost to insure a factory valued at 
$ 21000, at 4%, and the machinery valued at $ 15400, at $% ? 

14. The Astor Insurance Company took a risk of $ 16000, 
for a premium of $280. What was the rate of insurance ? 

15. A whaling merchant gets his vessel insured for $ 20000 
in the Gallatin Company, at 2%, and for $ 30000 in the How- 
ard Company, at }%. What rate of premium does he pay on 
the whole insurance ? 

16. If it costs $46.75 to insure a store for 4 of its value, at 
12%, what is the store worth ? 

17. For what sum must I get my library insured at 14%, 
to cover a loss of $7910? 

18. What will be the premium for insuring at 23%, property 
to cover $ 27320? 

19. A shipment of pork was insured at 43%, for a sum 
equal to & of its value. The premium paid was $122.50. 
What was the pork worth? 

20. A man obtained an insurance on his house for % of its 
value, at 14% annually. After paying 5 premiums, the house 
was destroyed by fire, in consequence of which he suffered 
a loss (including premiums paid) of $2940. What was the 
value of the house ? 

21. A man’s property is insured at 24% premium, payable 
annually. In how many years will the premium he has paid 
equal the policy ? 

22. A company took a risk at 21%, and reinsured $ of it in 
another company at 24%. The premium received exceeded 
the premium paid by $72. What was the amount of the 
risk ? 

23. The Commercial Insurance Company issued a policy of 
insurance on an East India merchantman for } of the esti- 


324 PERCENTAGE. 


mated value of the ship and cargo, at 41%, and immediately 
reinsured 4 of the risk in the Manhattan Company at 3%. 
During the outward voyage the ship was wrecked, and the 
Manhattan Company lost $1350 more than the Commercial 
Company. How much did the owners lose ? 


Lire InsuRANCE. 


552. Life Insurance is a contract by which a company agrees 
to pay a certain sum of money on the death of an individual, 
to his heirs (in consideration of an annual premium to be paid 
during life or for a limited number of years), or to pay the sum 
to himself, if he survives a certain number of years. 


553. The following are the principal kinds of policies issued 
by a Life Insurance Company : 


1. Life Policies, payable at the death of the person insured, 
the annual premium to continue during life, called continued 
premium life policies. 


2. Life Policies, payable at the death of the person insured, 
the annual premium to continue ten years, fifteen years, twenty 
years, etc., called ten, fifteen, or twenty payment life policies. 


3. Renewable Term Policies, insuring payment if death occurs 
within a certain term of years, as ten, fifteen, twenty, etc., 
which term may be renewed at the expiration of the time 
by payment of the premium required for the age of the 
insured. 


4. Endowment Policies, payable to the person insured, at the 
end of a certain number of years, as ten, fifteen, twenty, twenty- 
five, thirty, or thirty-five, or to his heirs, if he dies sooner; 
annual premium to continue during the existence of the policy. 

5. Endowment Policies, payable as the preceding, but the 
payments all to be made in one, five, or ten years. 


6. Annuities, providing a fixed income continuing only during 
the lifetime of an annuitant. 
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Annuities are especially adapted to persons of an adyanced age, to 
women, and to all who wish to avoid the risk of taking care of their funds. 
Thus, if a person at the age of 50 pays $1316 for an annuity of $100, his 
investment yields him nearly 8% annually during his lifetime, and he 
escapes all risk of loss; but at his death the payments cease, and the 
capital becomes the property of the insurance company. 

554. Accident Insurance is the guaranty of an indemnity in 


case of disability due to an accident. 


555. The rates of premium for Life Insurance, as fixed by 
different companies, are based on the probabilities of life, 
determined by a table of mortality, and on the probable rates of 
interest which money will bear, and the probable expenses of 
the company. 

A table of mortality shows how many persons out of a given number 
(as 10000), insuring at any age, may be expected to die the first, second, 
and third year, and so on until they all are dead. 

556. ‘The premium consists of three elements: 

1. Reserve, or that portion of each premium which must 
be kept and improved by interest (usually four per cent), to pay 
the policy at its certain maturity. 

2. An estimated amount for each man’s share of the annual 
losses of the company. 

3. Loading, or margin, a certain per cent of the premium to 
meet current expenses. 


557. Most companies in this country are Mutual, and divide 
the profits among the policy holders. The profits result from 
the company realizing upon the reserved fund more than the 
assumed rate of interest, fowr per cent, from the losses by 
death being less than was assumed in making the premium, 
and from the loading or margin being more than the expenses. 


Dividends are declared at the end of the first, second, third, or fourth 
year, and may be applied to reduce the annual premium or to increase 
the policy. 


Norrs.—1. One half of the premium is often pald by a note, and the dividends are 
afterward applied toward canceling the notes. 

2. The following table rates have been selected for the different kinds of policies, for 
the reason that they are based on an American Table of Mortality. 

8. Stock companies make no dividends to polley holders, but generally charge a rate of 
premium 20 to 80 per cent less than the mutual companies. 
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ANNUAL PREMIUM Rares. 


For $1000 Insurance. 


Payan_r at Deatn ONLY, 


LIFE POLICIES. 


Payments to continue for 


20 
Years. 


$27 19 


15 
Years, 


$82 16 
82 81 
33 61 
34 22 
34 97 
35 74 
36 53 
37 36 
38 22 
39 11 
40 03 
40 99 
42 00 
43 05 
4414 
45 29 
46 50 
47 77 
49 12 
50 62 
52 00 
63 54 
55 15 
56 83 
58 58 
60 41 
63 06 
65 10 
67 23 
69 48 
71 84 
75 49 
7817 
81 01 
84 03 
87 24 


10 


ENDOWMENT POLICIES. 


PAYABLE AS INDICATED, OR AT 
Deatu ir Prior. 


20 


15 


10 


Years. Years. Years. Years. 
$42 43 | $47 67 | $6630 | $104 35 
43 29 47 79 66 41 104 43 
4419 66 51 104 52 
45 12 66 63 104 62 
46 08 66 76 104 72 
47 07 66 89 104 82 
48 10 67 02 104 94 
49 16 7 67 17 105 05 
50 26 3 ¢ 67 33 105 18 
51 40 49 2 67 50 105 31 
52 58 49 47 67 69 105 44 
53 80 49 76 67 90 105 59 
55 06 50 08 68 18 105 74 
56 38 50 43 68 39 105 92 
57 74 50 83 68 68 106 12 - 
5917 51 88 69 83 107 20 
60 66 62 38 70 21 107 47 
62 22 52 94 70 64 107 78 
63 85 53 58 71:13 108 14 
65 55 54 28 71 68 108 55 
67 32 55 06 72 29 109 01 
69 16 55 91 72 96 109 52 
71 07 56 84 73 69 110 08 
73 03 57 86 74 49 110 68 
76 07 58 97 76 37 111 36 
77 18 60 65 76 92 112 97 
79 99 6199 77 97 113 76 
82 27 63 45 79 12 114 68 
84 64 65 04 80 38 115 68 
87 09 66 79 81 76 116 61 
89 64 68 69 84 25 119 16 
94 12 85 92 120 40 
96 94 87 76 121 78 
99 90 89 78 123 30 
102 99 92 00 124 98 
106 25 94 43 126 83 
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RENEWABLE TERM POLICIES. ANNUAL POLICIES. 

ANNUAL Premium Rates Rares ror $100 Tae SOO 

ror $1000 Insurance. ANNUITY. WILL PUR- 
OMASE. 

Payable if death occurs within Age. Peete i i fan 

Ago. eae ene soe 

2 10 15 20 40 | $151684 | $6593 
Years, Years. Years, 41 1500 96 66 62 
42 1484 05 67 38 
25 $12 95 $13 37 $13 82 43 1466 11 68 21 
26 13 21 13 65 1414 44 1447 16 69 10 
27 13 49 13 94 14 49 45 1427 28 70 06 
28 13 77 14 25 14 86° 46 1406 52 7110 
29 14 08 14 58 15 27 47 1884 97 72 20 
30 14 39 14 94 1571 48 1362 62 73 39 
$1 14 73 15 32 16 20 49 1889 51 74 65 
32 15 08 15 75 16 72 50 1315 62 76 01 
33 15 44 16 21 17 29 51 1291 00 77 46 
34 15 84 16 71 17 92 52 1265 66 79 01 
35 16 27 17 26 18 60 53 1289 63 80 67 
36 16 72 17 87 19 34 54 1212 94 82 44 
37 17 26 18 54 20 15 55 1185 61 84 34 
88 17 84 19 28 21 04 56 1157 67 86 38 
39 18 49 20 09 22 01 57 1129 16 88 56 
40 19 22 20 98 23 06 58 1100 07 90 90 
41 20 03 2197 24 22 59 1070 44 93 42 
42 20 94 23 05 25 49 60 1040 32 96 12 
48 21 94 24 24 26 88 61 1009 84 99 03 
44 23 07 25 55 28 40 62 979 03 102 14 
45 24 29 26 98 30 04 63 947 98 105 49 
46 25 62 28 52 31 83 64 916 75 109 08 
47 27 06 30 19 33 75 65 885 42 112 94 
48 28 62 32 01 35 82 66 857 85 116 57 
49 80 30 33 96 38 05 67 829 96 120 49 
50 32 12 36 08 40 44 68 801 91 124 70 
51 34 14 38 38 43 01 69 773 72 129 25 
52 36 23 40 85 45 77 70 745 41 134 16 
53 38 53 43 53 48 73 71 717 09 139 45 
54 41 04 46 42 61 89 72 688 80 145 18 
55 43 76 49 54 13 660 64 151 39 
56 46 73 62 92 714 632 45 158 12 
57 49 92 56 52 15 609 46 164 08 
58 53 40 60 41 16 590 68 169 30 
59 57 18 64 60 17 676 61 173 73 
60 61 85 78 563 45 177 48 
79 553 66 180 62 


80 545 49 183 32 


ee eee eS eee Eee 
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Examples. 


558. 1. At the rate shown in the table, what sum must 
a man aged 33 pay annually for life for a life policy for 
$7500? What sum annually for 20 years? What sum 
annually for an endowment policy for 15 years? 


OPERATION. So.urion. — Consulting the table 
$ 25.30 x 7.5 = $189.75 Ans. on p. 326, we find the premium on 
$32.47 x 7.5 = $ 243.53 Ans $1000 at the age of 33 to be $25.30 

30 Sel * for life, $32.47 for 20 years, and 
$ 67.33 x 7.5 = $504.98 Ans. $67.33 for a 15 years’ endowment 
policy ; and since the premiums on $7500 will be 7.5 times those on 
$1000, we multiply these sums respectively by 7.4. 

2. Aman insures his life for $ 10000, the rate being $ 21.40 
per 1000. The dividend reduces the cost of the premium an 
average of 30%. How much is the average annual cost of his 


insurance ? 
OPERATION, 


$ 21.40 x 10 = $ 214, Premium. 
30% of $214 = $ 64.20, Dividend. 
$ 214 — $64.20 = $149.80, Annual cost of Insurance Ans. 
So.ution. —If $1000 worth of insurance costs $21.40, $ 10000 worth 
will cost 10 times $21.40, which is $214, the premium. Since the dividend 
reduces this premium 30%, the cost of insurance will be 30% less than 
$214, which is $149.80. 


Note. — Examples in which the premium is not stated are based on the rates given in 
the tables. 


3. A man 30 years of age takes a life policy in a mutual 
company, for $5000, the premiums continuing until death. 
The dividend reduces the annual premium an average of 30%. 
He dies after making 21 payments. How much more money 


will his family receive than he has paid to the company ? 


4. What annual premium will a man aged 36 years pay to 
secure an endowiment policy for $5000, payable to himself in 
20 years, or to his heirs if death occurs before ? 

5. A young man aged 27 takes an endowment policy for 
$4000, payable to himself in 20 years. If the dividend in- 
creases his policy $2400, how much more will he receive 
than he has paid the company ? 
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6. A man insured his life for $ 25000, the rate being $ 25 
per 1000. The dividend reduced the cost of the premium an 
average of 10%. What is the average annual cost of his 
insurance ? 


7. If the man died 12 years after he was insured, how much 
would the amount received by his family exceed the total cost 
of insurance, no account being taken of interest ? 


8. If he died 4 years after he was insured, how much would 
the amount received by his family exceed the total cost of 
insurance, the interest on the money amounting to $ 337.50 ? 

9. A clergyman aged 45 takes an endowment policy for 
$ 8000, payable to himself in 15 years, or to his family at death, 
and dies after making 13 payments. How much money would 
he have saved had he taken a policy for the same amount on 
the continued payment life plan? 

10. A merchant aged 49 insures for $8000 on the ordinary 
life plan, and dies in the seventeenth year thereafter. How 
much less would his insurance have cost him had he insured, 
on the 10 payment life plan ? 

11. How much must I pay at the age of 76 for an annuity 
of $ 2000 2 

12. A has his life insured at the age of 25; B insures at 
the age of 35, each taking a life policy, premiums payable 
until death. What will be the age of each, when the amount 
of premium paid exceeds the face of the policy ? 

13. A man aged 34 insured his life for $6000, payments 
made in 10 years. When he died there was a net gain to his 
family of $4458. How many payments had he made ? 

14. A man aged 40 insures his life in the Conn. Mutual 
Life Ins. Co. for $5000, premiums to continue until death. 
After the fourth year his premium is reduced one half by the 
dividend. What will be the total amount of premiums paid in 
thirty years ? 


15. A man 67 years of age purchases an annuity of $ 602.45. 
How much must he pay for it? 
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TAXES. 


559. A. Tax is a sum of money assessed on the person or 
property of an individual, to meet public expenses. 


560. A Poll Tax is a certain sum required of each male citi- 
zen liable to taxation, without regard to his property. Each 
person so taxed is called a poll. 

Non-resident taxpayers are not subject to a poll tax. 


561. A Property Tax is a sum required of each person own- 
ing property, and is always a certain per cent of the estimated 
value of his property. 


Property is of two kinds, real estate and personal property. 

Real Estate consists of immovable property, such as lands, houses, etc., 
and is taxed in the town or city where it is situated. 

Personal Property consists of movable property, such as money, notes, 
furniture, cattle, tools, etc., and is taxed where the owner lives. 

An Income Tax is a tax on annual income, salary, ete. 


Note. — The part of a man’s income or salary which is subject to taxation is usually 
included with his personal property. 


An Assessment Roll is a list or schedule containing the names of all 
the persons liable to taxation in the place to be assessed, and the valu- 
ation of each person’s taxable property. 


a 


Assessors are the officers appointed to determine the taxable value of 
property, to prepare the assessment rolls, and to apportion the taxes. 
: If the assessment includes a poll tax, then a complete list of taxable 
: polls must also be made out. 
: 
; Note.—In Vermont and in some other states the assessment roll is called the 
Grand List. 

Collectors are the officers selected to receive and collect taxes. 

valuation to raise the required amount of tax. 


Note. — The method of raising taxes varles in different states. 


} 

The rate of taxation is the amount charged for each dollar of assessed 
| 562. In computations in taxes the following relations exist: 
3 


I. The Assessed Valuation corresponds to the Base. 
II. The Rate of Taxation is the Rate Per Cent. 
III. The Tas is the Percentage. 
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Examples. 
563. To find the amount of tax. 


1. In acertain town a tax of $4000 is to be assessed. There 
are 400 polls to be assessed $ .50 each, and the taxable property, 
as shown by the assessment roll, is valued at $950000. What 
will be the property tax on $1, and what will be A’s tax, whose 
property is valued at $3500, and who pays for 3 polls? 


OPERATION. 
$ 50x. 400=% 200, amount assessed on the polls. 
$4000—  $200= $3800, amt. to be assessed on property. 


$3800 + $950000= .004, rate of taxation, or $.004 = the 
tax on $1, Ans. 
$ 3500 x .004 = $14, A’s property tax; 
$ 50x3 =§$ 1.50, A’s poll tax; 
$15.50, amount of A’s tax. Ans. 
Ruiz. —I. Pind the amount of poll tax, if any, and subtract 
it from the whole tax to be assessed; the remainder will be the 
property tax. 
Il. Divide the property tax by the whole amount of taxable 
property ; the quotient will be the rate of taxation. 
Til. Multiply each man’s taxable property by the rate of taxa- 
tion, and to the product add his poll tax, if any; the result will 
be the whole amount of his tax. 


Nore. — When a tax is to be apportioned amonga large number of individuals, the opera- 
tion is greatly facilitated by first finding the tax on $1, $2, $3, etc., to $9; then on $10, 
$20, $80, ete.,to $90, and so on, and arranging the results as in the following table: 


TABLE. 
Prop. | Tax. Prop. ‘Tax. Prop. Tax. Prop. Tax. 
$1 | $.004 |} $10 | $.04 || $100 | .40 |] $1000 | $4 
2 008 20 ‘08 || 200 80 2000 | 8 
3 012 30 12 || 300 | 120 || 8000 | 12 
4 016 40 ‘16 || 400 | 1.60 4000 | 16 
5 020 50 ‘20 || 500 | 2.00 5000 | 20 
6 024 60 ‘24 || 600 | 240 || 6000 | 24 
7 028 70 28 || 700 | 2.80 7000 | 28 
8 1032 80 32 || 800 | 3.20 g000 | 32 
9 |  .036 90 36 || 900 | 3.60 || 9000 | 36 
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2. According to the conditions of the last example, what 
would be the tax of a person whose property was valued at 
$ 2465, and who pays for 2 polls ? 


OPERATION. 
From the table we find that 
The tax on $2000 is $8.00 
“ “ “ 400 “ 1.60 
“ (t3 “ 60 “ 24 
“ “ce “ 5 “ 02 
frail, Ge CFS 2 polls “ 1.00 


Total tax “$10.86 Aas. 


3. What would A’s tax be, who is assessed for $8530, and 
who pays for 3 polls ? 

4. Howmuch will C’s tax be, who is assessed for $987, and 
who pays for 1 poll ? 

5. The estimated expenses of a certain town for one year 
are $6319, and the balance on hand in the public treasury is 
$654. There are 2156 polls to be assessed at $.25 each, and 
taxable property to the amount of $1864000. [Besides the 
town tax, there is a county tax of $.0014 on a dollar, and a 
state tax of $.0003 onadollar. What will be the whole amount 
of A’s tax, whose property is valued at $ 32560, and who pays 
for 3 polls ? 

6. What does a non-resident pay, who owns property in the 
same town to the amount of $ 16840 ? 

7. What sum must be assessed in order to raise a net amount 
of $ 5561.50, and pay the commission for collecting at 2% ? 

Notr. —Since the base of the collector’s commission is the sum collected, the question 
is an example under § 524 of Percentage. 

8. In a certain district a schoolhouse is to be built at an 
expense of $9120, to be defrayed by a tax upon property 
valued at $1536000. What must be the rate of taxation to 
cover both the cost of the schoolhouse and the collector’s com- 
. mission at 5% ? : 
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9. A tax of $13662 is to be assessed on a certain village; 
the property is valued at $ 1400000, and there are 2981 polls, 
to be taxed $2.00 each. What is the assessment on a dollar ? 
What is C’s tax, his property being assessed at $ 12450, and he 
paying for 2 polls? 

10. What is the tax of a non-resident, having property in 
the same village valued at $5375 ? 


11. A mining corporation, consisting of 30 persons, is taxed 
$4384; its property is assessed for $ 188000, and each poll is 
assessed $2.00. What per cent is their tax, and how much 
must he pay whose share is assessed for $2500, and who pays 
for 1 poll? 

12. A tax of $50000 is to be assessed on a certain town; 
the property is valued at 3500000, and there are 5000 polls to 
be taxed $1.00 each. What will be the rate of taxation and how 
much will A be taxed, who owns property which is valued at 
$ 50000 and who pays for 3 polls ? 

13. ‘fhe expenses of a school for one term were $1200 for 
salary of teachers, $57.65 for fuel, and $ 38.25 for incidentals ; 
the money received from the school fund was $ 257.75, and the 
remaining part of the expense was paid by a rate bill. If the 
aggregate attendance was 9568 days, what was A’s tax, who 
sent 4 pupils 46 days each? 

14. The number of polls in a certain school district is 225, 
and the taxable property is $1246093.75; it is proposed to 
build a union schoolhouse at an expense of $10000. If the 
poll tax is $1.25 a poll, and the cost of collecting is 2}%, 
what will be the tax on a dollar, and what will be E’s tax, 
who pays for 1 poll, and has property to the amount of 
$ 11500 ? 

15. The expense of building a public bridge was $1260.52, 
which was defrayed by a tax upon the property of the town. 
The rate of taxation was 31 mills on one dollar, and the col- 
lector’s commission was 31%. What was the valuation of the 
property ? 
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GENERAL AVERAGE. 


564. General Average is an adjustment of losses of property 
at sea, when for common safety any portion is sacrificed. 


565. The Contributory Interests are the three kinds of prop- 
erty which are taxed to cover the loss. These are: 


1. The Vessel, and its value before the loss. 

2. The Freight, less } as an allowance for seamen’s wages. 

3. The Cargo, including the part sacrificed, at its market value in the 
port of destination. 

Nore. —In New York, Virginia, and some other states, only 3 of the freight is made 
contributory to the loss, 

566. The loss which is subject to general average includes: 


1. Jettison, or property thrown overboard. 

2. Repairs to the vessel, less } on account of the superior worth of the 
new articles furnished. 

8. Expense of detention to which the vessel is subject in port, includ- 
ing salvage, wages, and provisions of crew, adjuster’s fees, etc. 

567. In computations in General Average the following 
relations exist: 

I. The Yotal Contributory Interest is the Base. 
II. The Loss, plus expenses, is the Percentage. 


Examples. 

568. To find the rate of contribution and the respective con- 
tributions. 

1. The ship Nelson, valued at $ 52000, and having on boarda 
cargo worth $18000, on which the freight was $3600, threw 
overboard goods valued at $5000, to escape wreck; she then 
put into port, and underwent repairs amounting to $1200, 
the. expenses of detention being $350. What portion of 
the loss will be sustained by each of the three contributory 
interests? What will be paid or received by the owners of 
the ship and freight? What by A, who owned $8000 of 
the cargo, including $3500 of the portion sacrificed, by B, 
who owned $6000 of the cargo, including $1500 of the 
portion sacrificed, and »y C, who owned $4000, or the residue 
of the cargo ? : 
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OPERATION. 

LOSSES. CONTRIBUTORY INTERESTS. 
Jettison . . . are) oan 6) we ODU0. Vessel . . ee 5 5) «902000 
Repairs, loss§. 2... - - S00 Freight less te ome iveamie! le eadOO, 
Cost ofdetention. . ... . 8530 (ots SRR oc cmicy ry Wd ene Go!) 
otal ef rues ta! wot gal wt LUD, Totel . . 6 5 « « «3 ST200 


$OISO+ FT2OO= .0S419447 +, rate per cent of loss. 
$52000 x .OS4944T = $4417.18, payable by vessel. 
2400 x .OSH9447= 203.57, e “ freight, 
18000 x .0S49447 = 1529.00, s “ cargo. 


$6150.00, Total contribution, 


$8000 x .0849447 = $ 679.56, payable by A. 
6000 x .0S49447 = 509.67, “B. 
4000 x 019447 = 339.78, “ “CL 


$4417.18 + $ 203,87 = $ 4621.00, payable by owners of vessel and freight, 
$00.00-+ 350.00= 1150.00, 
4621.00— 1150,00= 8471.00, balance ee able by ship owners, 
8500.00— 679.56= 2320.44, “© receivable by A. 
1500.00— 509.67= 990.33, oo = “Bs 
Rute. —I. Divide the swm of the losses by the sum of the con- 


tributory interests ; the quotient will be the rate of contribution. 


Il. Multiply each contributory interest by the rate ; the products 
will be the respective contributions to the loss. 


2. he ship Nevada, in distress at sea, cut away her main- 
mast, and cast overboard } of her cargo, and then put into 
Havana to refit; the repairs cost $1500, and the necessary 
expenses of detention were $420. The ship was owned and 
sent to sea by George Law, and was valued at $ 25000; the 
cargo was owned by Hayden & Co., and consisted of 2800 
barrels of flour, valued at $4.50 per barrel, upon which the 
freight was $2100. In the adjustment of the loss by general 
average, how much was due from Law to Hayden & Co. ? 


3. A coasting vessel valued at $ 28000, having been disabled 
in a storm, entered port, and was refitted at an expense of 
$270 for repairs, and $120 for board of seamen, pilotage and 
dockage. Of the cargo, valued at $ 5000, $ 2400 belonged to A, 
$1850 to B, and $750 to C; and the amount sacrificed for the 
ship’s safety was $1400 of A’s property, and $170 of B’s; the 
gross charges for freight were $1500. Required the balance, 
payable or receivable, by each of the parties, the loss being 
apportioned by general average. 
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DUTIES OR CUSTOMS. 


569. Duties, or Customs, are taxes levied on imported goods, 
to support the government and to protect home industry. 


570. A Tariff is a schedule showing the rates of duties fixed 
by law on all kinds of imported merchandise. 


571. A Custom House is an office established by government 
for the transaction of business relating to duties. 


It is lawful to introduce merchandise into a country only at points where 
custom houses are established. A seaport town having a custom house 
is called a Port of Entry. To carry on foreign commerce secretly, with- 
out paying the duties imposed by law, is Smuggling. 


Note. — Customs or duties form the principal source of revenue to the general govern- 
ment of the United States ; by increasing the price of imported goods they operate as an 
indirect tax upon consumers, instead of a general direct tax. 


572. Duties are of two kinds,— Ad Valorem and Specifie. 

Ad Valorem Duties are taxes computed on the net cost of the 
goods in the country from which they were imported. 

Specific Duties are taxes computed on goods, without regard 
to their cost. 


Nore. — Most duties of the United States by the present tariff aro ad valorem; a few 
are specific; and on some goods both specific and ad valorem duties are levied. 


573. An Invoice is an itemized bill of goods imported, show- 
ing the quantity and cost of each kind, at the place purchased, 
to be submitted at the custom house as a basis for levying 
duties. 


574. In collecting customs it is the intention of govern- 
ment to tax only so much of the merchandise as will be avail- 
able to the importer in the market. ‘The goods are weighed. 
measured, gauged, or inspected, in order to ascertain the actual 
quantity arrived in port; and an allowance is made in every 
case for waste or loss. 

Tare is an allowance made for the weight of the box or the covering 
that contains the goods. It is ascertained, if necessary, by actually weigh- 
ing one or more of the empty boxes, casks, or coverings. In common 


articles of importation, it is sometimes computed at a certain per cent 
previously ascertained by frequent tests of weighing. 
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Leakage is an allowance on liquors imported in casks or barrels, and is 
ascertained by gauging the cask or barrel in which the liquor is imported. 

Breakage is an allowance on liquors imported in bottles. 

Draft is an allowance for the waste of certain articles, and is made 
only for statistical purposes ; it does not affect the amount, of duty. 

Gross Weight or Value is the weight or value of the goods before any 
allowance or discount has been made. 


Net Weight or Value is the weight or value of the goods after all allow- 
ances have been deducted, 


575. A Bonded Warehouse is a building in which goods on 
which the duties are still unpaid are stored under bond. Such 
goods are in the joint custody of the importer and the custom 
house officers. 

Nores.—1. linported goods left in bond, that is, in bonded warehouses, may be ex- 
ported to a foreign country without payment of the duty. Goods which are left in bond 
become the property of the government if not removed at the end of three years. 

2. The officer who superintends the collection of duties is called the collector of the 
port. 

8. Tonnage is a tax levied on a vessel independent of its cargo, for the privilege of coming 
into a port of entry. 

576. Long ton measure is employed in the custom houses of 
the United States in estimating goods by the ton or hundred- 
weight. 


577. In all calculations where ad valorem duties are con- 
sidered : — ; 

I. The Net Value of the merchandise is the worth of the net 
weight or quantity at the invoice price, and corresponds to the 
Base. 

II. The Duty is computed at a certain per cent on the net 
value of the merchandise, and corresponds to Percentage. 


Examples. 


578. 1. What is the duty, at 40% ad valorem, on an 
invoice of woolen goods which cost $750? 


So.ution. — According to § 620, we 
OPERATION. multiply the invoice, $750, which is the 
$750 x .40 = $300 Ans. base of the duty, by the given rate, and 
obtain the duty, $300. 
ROB. NEW HIGHER AR. —22. 
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2. What is the duty, at 24%, on 50 gross of goods, invoiced 
at $1.20 per dozen, 23% being allowed for breakage ? 
So.urion, — First we 


OPERATION. find the cost of the goods, 

9 9x 50 = 872) 1 Ta! at the invoice price, which 
ou20 zs as ne ® ait Malus: is $720. Irom this sum 
$720 x 025 = 8 18, Breakage. we deduct the allowance 
$720 — $18 = $702, Net Value. for breakage, $18, and 
$702 x .24 = $168.48, Duty Ans. compute the duty on the 


remainder. 
3. Having paid the duty at 8% on an invoice of goods, J 
find that the whole cost in store, besides freight, is $378. 
What were the goods invoiced at ? 


Sotution. — According to § 523, we 

OFERATION. divide the amount, $3878, by 1 plus 

$ 378 + 1.08 = $350 Ans. the rate, 1.08, and obtain the base, or 
invoice, $350. 


4. Find the total cost to Mr. Thompson of the following 
invoice of goods in United States money, and the cost per 
yard to him of each kind of goods. 


Mancuesten, Enc., May 1, 18965. 
Witr1am THompson, New York, 
Bought of Wirrt1ams & Son, 


20 pieces Velveteen No. 1, 1000 yd. @ 6d. 


20 « « No. 2,1000 « @ Ta. 
10 « « No.3, 500 “« @12d. 
10 « “ No.4, 500 “ @ 15d. 


Non-dutiable charges: commission 24%, freight and trans- 
portation $28.73. Dutiable charges: 474% ad valorem; cases 
and making up £4; the pound being worth $4.90 in the 
market. 


Norge, —1. It will be observed that each piece in this invoice contains 50 yd. It {s cus- 
tomary !n such invoices to state the number of pieces and the ¢ofa7 numbor of yards instead 
of the number of yards in each pieco. The cost of cases and making up are considered ag 
part of the invoice, on which both commission and duty are computed. 

2. The custom house valuation of the pound is always $ 4.8665, and this valuation must 
be taken in reckoning the duty; but in finding the cost of the invoice the pound must be 
reckoned at $4.90, since the importer must pay the market price for it, 
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OPERATION. So.ution. — The goods 

5 amount to 26500d. or 

1000 yd. @ 6d. = 6000d. £110ys. Adding £4 for 
1000 yd. @ 7d. = 7000d. cases and making up, the 
500 yd. @ 12d. = 6000d. invoice is £114, which 
‘4 fo yet Ad at the market value of $4.90 
500 yd. @ 15d. “= 75004. to the pound = $ 560.64, 
26500d.= and the commission on 


2110, +24=2114 4, =Invoice, is OF 3%. is 610.08. 


Since the custom house 


£ 114.5, @ $ 4,90 = $560.64 valuation of the pound is 

a a lena SUeEeE $4.8665, the duty on 

and £114,5, @ $4.8665 =$556.81 2314», will be £114, x 
$ 560.64 x .024=$ 14.02, Commis. 4.8665 x 471, or $556.81 
2 x 471, which is $264.48. 


$ 556.81 x 47} = $264.48, Duty. Adding the charges, we find 
Charges: the total cost of the goods 
Ps. rsh 1 $560.64 to be $867.87. 
Coat of goods, ; Since 26500d. worth of 
Duty, 264.48 goods cost $867.87, ld. 
Commission, 14.02 worth will cost $867.87 + 
Freight and transp. 28.73 26500 or §.03275; then 6d. 


worth or a yard of first kind 
$ 867.87, Total cost. will cost 6 times $.03275; 
Ans. ayard of the second kind, 


; 7 times; of the third, 12 
$ 867.87 + 26500 = .03275, cost in U.S. times ; anal of the fourth) 


money of 1d. worth of goods. 15 times $.03276. 


$ .03275 x 6=$.197 ayd., cost of No. 1. 
$ 03275 x T=$.229 « Ge No. 2. 
$ .03275 x 12 =$.393 “ Gi No. 3. 
$ .038275 x 15=$.491 “ Ce No. 4. 


Ans. “ 


Find the duty on the following invoices of goods: 
5. $356 black ivory at 20% ad valorem. 

6. $2340 table cutlery at 35% ad valorem. 

7. Twenty tons stove plates at 8, ¢ per pound. 


8. A Boston jeweler orders from Lubec a quantity of watch 
movements, amounting to $2780. What will be the duty, at 
25% ? 


9. Find the duty at 20¢ per bu. on 2539 bu. of oil seeds. 


340 PERCENTAGE. 


10. The duty at 25% on an importation of white satin was 
$815. What was the invoice of the goods ? 

11. The duty on diamonds in the rough is 10%, and on cut 
diamonds 25%. ind the duty on an invoice of rough dia- 
monds amounting to $1500, and polished diamonds amounting 
to $ 2758. 

12. At 11¢ per pound, what is the duty on 600 drums of 
figs, each containing 14 Ib., invoiced at 5}. per pound ? 

13. The duty on an invoice of French laces at 50% was 
$ 281.25. What was the invoice of the goods ? 

14. An English publishing house wishing to print a book 
in New York, consisting of 250 pages, sends over the plates, 
yalued at $2.50 a page. What will be the duty, electrotype 
plates being taxed at 25% ? 

15. What is the duty, at 25% ad valorem, on 100 watches 
inyoiced at 120 francs each, the custom house valuation of the 
frane being $.193 ? 

16. The duty on an invoice of $2500 worth of engravings 
amounted to $625. What was the rate of duty ? 

17. The duty on dress trimmings being 20%, find the value 
of an importation of such trimmings on which the duty is 
$ 512.60. 

18. Find the total cost, including duty and commission, of 
an invoice of toys which pays $702 duty, at 30% ad valorem, 
the commission being 2}.%. 

19. Find the cost per yard to the American importer of 
2000 yd. velveteen @ 8d. a yd., and 2000 yd. @ 10d. Non- 
dutiable charges: Commission, 21%; freight and transporta- 
tion, $38. Dutiable charges: 474% ad valorem; cases and 
making up, £5, the pound being worth $4.90 in the 
market. 

20. An invoice of glass lenses amounting to $525, pays 
$183.75 duty. What is the rate of duty on lenses? 

21. A quantity of Japan varnish, paying 25% duty, is taxed 
at $625. What is the amount of the invoice ? 
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STOCKS AND BONDS. 


579. A Company is an association of individuals for the 
prosecution of some industrial undertaking. Companies may 
be incorporated or unincorporated. 


580. A Corporation is a body formed and authorized by a 
general law, or by a special charter, to transact business as a 
single individual. 


581. A Charter is the legal act of incorporation, and defines 
the powers and obligations of the incorporated body. 


582. A Firm is the name under which an unincorporated 
company transacts business. 


Nore.—A private banking company, or a manufacturing or commercial firm ts also 
called a Louse. 


583. ‘Che Capital or Stock is the money contributed and em- 
ployed to carry on the business of an individual corporation, 
company, or firm; it receives different names, as Bank Stock, 
Railroad Stock, Government Stock, ete. 


584. Scrip or Certificates of Stock are the papers or documents 
issued by a corporation specifying the number of shares of the 
joint capital which the holder owns. 


585. A Share is one of the equal parts into which capital 
stock is divided. The value of a share in the original contri- 
bution of capital varies in different companies; in bank, insur- 
ance, and railroad companies of recent organization, it is usu- 
ally $100. 


586. Stockholders are the owners of stock, either by original 
title or by subsequent purchase. The stockholders constitute 
the company. 


Norrs. —1. The capital stock of any corporation is limited by the charter, Asa general 
rule, only a portion is paid at the time of subscription, the residue being reserved for future 
outlays or disbursements. 

2. When the capital stock has been all paid In, money may be raised, if necessary, by 
loans, secured by mortgage upon the property. The bonds (see § 587) issued for these 
loans entitle the holder to a fixed rate of interest 
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8. Stock, as a general name, applies to the scrip and bonds of a corporation, to govern- 
ment bonds and public securities, and to all paper representing joint capital or claims upon 
corporate bodies, 

4. The members of an incorporated company, under certain conditions, may be held 
individually liable for the debts and obligations of the company, to the amount of their 
interest or stock in the company, and to no greater amount, But the members of a firm or 
house are individually liable for all the debts and obligations of the company, without regard 
to the amount of their share or interest in the concern. 


587. A Bond is a written instrument under seal, secur- 
ing the payment of a sum of money at or before a speci- 
fied time. 

Coupon bonds have interest certificates attached to them, which are 
torn off as the interest becomes due. Registered bonds are registered in 
the books of the corporation issuing them, in the name of the owner. 

588. Federal or United States Bonds are payable at a fixed 
date, and are known and quoted in commercial transactions by 
the rate of interest they bear. 


Nore. — Bonds may be issued by the general government or by states, cities, or towns, 
They are usually named from the authority that iss them, from the rate of interest they 
bear, and sometimes from the date on which their payment becomes due, ‘Thus West Shore 
4’s are bonds issued by the West Shore Railroad Company, bearing 4% interest. U, 8. 6's, 
1896, are bonds issued by the United States government, bearing > interest, and due 
in 1896. 


The calculations of Percentage in stocks are treated in this 
work under the heads of Stockjobbing, Assessments and Divi- 
dends, and Stock Investments. 


STocKJOBBING. 


589. Stockjobbing is the buying and selling of stocks with a 
view to realize gain from their rise and fall in the market. 


590. The Nominal, Face, or Par Value of stock is the sum for 
which the serip or certificate is issued. 


591. The Market or Real Value of stock is the sum for which 
it will sell. 


592. Stock is at par when it sells for its nominal or par 
value; above par, at a premium or advance, when it sells for 
more than its nominal value; and below par, or at a discount, 
when it sells for less than its nominal value. 
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Nore. — When the business ofa company pays large profits to the stockholders, the stock 
will be worth more than its original cost ; but when the business does not pay expenses, the 
value of the stock will be less than its original cost. The average market value of stock 
generally varies directly as the rate of profit which tho business pays. Since stocks con- 
stantly fluctuate in value, the newspapers give daily quotations showing the market value 
of the stock for the time quoted. 


593. A Stock Broker is a person who buys and sells stocks, 
as the agent of another. 


594. Brokerage is the fee or compensation of a broker. 


595. A Stock Exchange is an association of dealers in stocks, 
bonds, ete., and it is also the name of the building in which 
they meet to do business. 


Norrs.—1. The principal stock exchange of the United States is in New York City. 
2, Aman who tries to force the market price down {s called a Lear, while one who 
tries to force It up Is called a bull. 


596. The calculations of stockjobbing are based upon the 
following relations: 

I. The Par Value of the stock is the Base. 

Il. Premium, Discount, Brokerage, and Income are each a 
Percentage, computed upon the par value. 

TI. ‘The Market Value of stock, or the proceeds of a sale, is 
the Amount or Difference, according as the sum is greater or less 
than the par value. 


TV. Quotations at a discount are 1 — the per cent, and those 
at a premium are 1 + the per cent. 


In all examples relating to stocks $100 will be considered as a share 
unless otherwise specified. The market value or selling price of stocks 
varies from day to day, and is ascertained by consulting the stock quota- 
tions in the newspapers. Stocks are quoted in the papers as being at 
44, 90, 105, etc. ; and this means that a share, the par value of which 
is $100, can be bought for $44, $90, $105, etc.; or that $1 worth of the 
stock will cost $.44, $.90, $1.05. In the first two cases the stock is at a 
discount, and in the third at a premium. 


Nores. —1. The rate of brokerage in New York City has been fixed at 4%, but in other 
citles it is sometimes as high as 3%. Since the brokerage fs computed upon the par value 
of the stock, and has the same base as the premium or discount, it may be directly added 
or subtracted to the quoted rate, as the question may require. 

2, When a broker duys stock for a customer, the brokerage must be added to the quoted 
price; and a stock quoted at 92, with brokerage 4%, will cost the customer 924; ée., 
$922 a share, or $.924 for $1 par value. When a broker se//s for acustomer, the brokerage 
must be subtracted from the quoted price; and a stock quoted at 92 would yield the cus: 
tomer only $ 91% a share. 
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597. The following tables show the closing quotations for 
some stocks and bonds, each for two successive days in 1895: 


arcana! waite te Bowne. J is J ue 

Amer. Sug. Ref. ../ 974] 99} | Atchison 4’s..... 75% 75} 
AA COTS NG OB OO 4y 4% | B’way & 7th Av. 5’s 112 112 
Balt, & Ohio. .... 53) | 63} /E. Tenn, d's. . . . «| 108 108 
Cen. Pacific ..... 17} 17 | Ill. Cen. 4’s, 1953 . .| 1021 | 102} 
i (C33 giict holo # | 711 | Kan. & Tex. 4’s... 6 86 
Chie Mie Sir. 50 571 | Mo. K. & By Ist 63 | Of 
Del. & Hudson. . . .| 128 | 1273 | Oregon S. L.6’s...| 991) 99} 
Gen. Electric ....! 32 85 | Oregon Imp. &’s...| 47 45} 
LakeShore..... -| 137. | 1371 | Read. Ist pf. ....) 32} ) 32% 
Mo. Pacific...... 21 211 | Rio G. W. Ist. ... vee’ 1718 
INGA CON sliere:ocece 94 95 |So. Pac. of Ariz. Ist .| 974 98 
NLY., LE. E.,& W..| 82] 91 ]SanA.&A.P.1st4’s,| 651 | 66 
NOwbacificy. -).. . - 3s 33 | So. R’way 5’s....| 978 | 981 
Phil. & Read. ....|] 10} 9} | Tex. Pac. Ist 5's ..| 917 | 92 
Poll. Pal. Car... 156 166 | Un. P.D.&G. 1st .. 40} 40} 


St. Louis & So. W., ph 11 107 | U.S. 4’s, reg. 1907. . | 1121 | 112} 
f f 


So. Pacific. ..... 17} | 173 | U.S. 5's, coup. 1904 . | 116} | 116) 
Union Pacific .... 8} 9} | Wabash Ist. .... 1061 | 106} 
Wish Grate Bes: it 78 | West Shore 4’s . . .| 107° | 1072 
W. U. 1 -..} 873 | 873 | Wis. Cent. Ist... .} 65 57 


Note. —In the following examples where no quotations are specified, the quotations in 
the second column above are to be taken. 


Examples. 
598. To find the value of stock at a given quotation. 
1. On March 21, 1895, a broker bought for me 32 shares 
of Delaware and Hudson stock, quoted at 128, charging 1% 
brokerage. How much must I pay for it ? 


OPERATION. So.tution. —$1 worth of stock 
) : Tees 981 will cost $1.28 + $.00}, or $1.28}. 
$128+$ .005 = $1.28} Therefore, $3200 worth will cost 


3200 x $1.28) = $ 4100 Ans. 8200 x $1.28} = $4100. 


2. What shall I receive for 20 shares of Western Union 
Telegraph stock @ 873, brokerage 1% ? 

OPERATION. So.utron. ~— $1 worth of stock 

$ .873 — $.00} = $878 will yield me $.87} —$.00} =$.87§. 


ze Therefore, $2000 will yield 2000 
2000 x $.87§ = $1752.50 Ans, renee oe 30. 


Rue. — Multjply the cost of one dollar by the number indicat- 
ing the par value of the stock. 
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Find the cost of the following stocks, using the quotations 
in the first column, the charge for brokerage being 1%. 


3. 35 shares Cen. Pacific. 7. 5 shares W. U. T. 

4. 10 shares Chicago Gas. 8. 30 shares Mo. Pacific. 
5. 5 shares Union Pacific. 9. 50 shares N. Y. Cen. 

6. 100 shares U. 5. Cordage, pf. 10. 8 shares Del. & Hudson. 


Using the quotations in the second column, find how much 
I would realize on the following stocks if I pay the broker 1% 
for selling: 


11. 10 shares Lake Shore. 15. 15 shares A., T.,& 8. F. 
12. 20 shares N. Y., Lk. E. & W. 16. 10 shares Gen. Electric. 
13. 5 shares Pull. Pal. Car. 17. 100 shares No. Pacific. 

14. 25 shares S. Pacific. 18. 75 shares Phil. & Read. 


19. A speculator bought on March 21, 1895, 250 shares of 
Amer. Sug. Ref. stock and sold the same on March 22, pay- 
ing his broker 4% each for buying and selling. How much 
did he make on the speculation ? 

20. Mr. Burrows bought on March 21, 1895, 50 shares General 
Electric stock and 100 shares Central Pacific. The next day 
he sold both stocks at the prices quoted. Did he gain or lose 
by the day’s transaction, and how much ? 


599. To find how much stock can be purchased for a given sum. 
1. I put $62500 into the hands of a broker to be invested 
in Pullman Palace Car stock. How many shares shall I 
receive if I pay 1% brokerage ? 
OPERATION. 
$1.56 + $.001 = $ 1.564, cost of $1. 
$ 62500 + 1.561 = $ 40000 = 400 shares, Ans. 
Sorution.— The market value of $1 is $1.56; adding the brokerage, 
we find that every dollar’s worth of stock will cost $1.56}. Ience 
for $62500 the broker can buy $62500+ 1.56} = $40000 worth, or 
400 shares. 
Rute. — Divide the given sum by the cost of one dollar's worth 
of stock and the quotient will be the nominal amount of stock 
purchased. 
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Brokerage being $%, how many shares of the following 
stocks could be bought on March 22, ’95, for the sums stated ? 
2. St. Louis & So. W., pf., $ 11000. 5. Chicago Gas, $ 57100. 
3. Amer. Sug. Ref., $ 15880. 6. So. Pacific, $ 92300. 

4. Chic., Mil., & St. Paul, $14375. 7. N. Y. Central, $951.25. 


8. My agent sells for me, at a commission of 5%, 800 bbl. 
flour at $3.50 per bbl., and invests the proceeds in railroad 
stock at 75%, brokerage 1%. How many shares do I receive ? 

9. A broker exchanges $3600 worth of railroad bonds at 
95 for 27 shares of land stock at 103, receiving the difference 
in cash. How much money does he receive ? 


10. A merchant owning 525 shares of stock worth 104 
exchanges them for U.S. bonds worth 105. How much of the 
latter does he receive, making no deduction for brokerage ? 


InsTALLMENTS, ASSESSMENTS, AND DivipEeNpDs. 


‘600. An Installment is a portion of the capital stock re- 
quired of the stockholders, as a payment on their subscription. 


601. An Assessment is a sum required of stockholders, to 
meet the losses or the business expenses of the company. 


Note. —The stock subscribed for is not always all paid at once, but assessments are 
made as the business may require. Such assessments are installments of the stock. Other 
assessments may be made to meet losses or other expenses. 

602. A Dividend is a sum paid to the stockholders from the 
profits of the business. 


Nore. — When a corporation wishes to raise more money it sometimes issues additional 
stock and agrees to pay to the owners of such stock a specified rate of dividend before any 
of the profits are divided among the holders of the common stock. Such stock is called 
preferred stock and is usually sold at a higher price than the common stock. 

603. Gross Earnings are all the moneys received from the 


regular business of the company. 


604. Net Earnings are the moneys left after paying expenses, 
losses, and the interest upon the bonds, if there are any. 


Nore. —The net earnings of a corporation are usually divided among the stockholders 
in semiannual dividends. The income of capital stock is therefore fluctuating, being 
dependent upon the condition of business. 
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605. In the division of the net earnings, or the apportion- 
ments of dividends and assessments, the calculations are made 
by finding the rate per cent which the sum to be distributed 
or assessed bears to the entire capital stock. Hence, 

Dividends and Assessments are a Percentage computed upon 
the Par Value of the stock as the Base. 


Examples. 
606. To find the amount of dividend. 
1. A stock company declares a dividend of 6%. What does 
A receive, who owns 14 shares ? 
OPERATION. Sotutioy. — According to § 520, we 


$1400 x .06 = $84 Ans, multiply the base, or par value, 3 1400, by 
the rate, .06, and obtain the dividend, $ 84. 


Multiply the par value by the vate. 
2. A man owns 56 shares of railroad stock, and the com- 


pany has declared a dividend of 8%. How much does he 
receive ? 


Rute. 


3. I own $15000 in a mutual insurance company. How 
many shares shall I possess after a dividend of 6% has been 
declared, payable in stock ? 

4. The net earnings of a western turnpike are $3616, and 
the amount of stock is $56000. Lf the company declares a 
dividend of 6%, what surplus revenue will it have ? 

5. The capital stock of a railroad company is $1830000, 
and its debt is $450000. Its gross earnings for one year were 
$ 407399, and its expenses $ 217621. If the company paid ex- 
penses, and interest on its debt at 5$%, and reserved $78, 
what dividend would a stockholder receive who owned 30 
shares ? 

6. A bank having $156753.19 to distribute to the stock- 
holders, declares a dividend of 51%. What is the amount of 
its capital ? 

7. A ferry company, whose stock is $28000, pays 5% 
dividends semiannually. The annual expenses of the ferry 
are $ 2950. What are the gross earnings ? 
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8. The passenger earnings of a western railroad in one 
year were $574375.25, the freight and mail earnings were 
$ 643672.36, the whole amount of disbursements were 
$ 651113.53, and the company was able to declare a dividend 
of §%. How much scrip had the company issued ? 

9. Having received a stock dividend of 5%, I find that I 
own 504 shares. How many shares had I at first? 

10. Lreceiveda 6% dividend on a railroad stock, and in- 
vested the money in the same stock at 75%. My stock had 
then increased to $ 16200. What was the amount of my divi- 
dend ? 

607. To find the rate of dividend or installment to be paid. 

1. A canal company whose subscribed funds amount to 
$ 84000, requires an installment of $6300. What per cent 


must the stockholders pay ? 
So.uTion. — According to § 522, we 
OPERATION. divide the installment, $6300, which is 
$6300 + $84000 = .07} Ans. percentage, by the base, or par value 
$84000, and obtain the rate, .07}=7} %, 
Rue. — Divide the dividend or installment by the par value of 
the stock. 


2. The paid-in capital of an insurance company is $ 536000. 
Its receipts for one year are $ 99280, and its losses and ex- 
penses are $ 56400. What rate of dividend can it declare ? 

8. The charter of a new railroad company limits the stock 
to $ 800000, of which 3 installments of 10%, 25%, and 35%, 
respectively, have been already paid in. The expenditures in 
the construction of the road have reached the sum of $ 540000, 
and the estimated cost of completion is $400000. If the 
company calls in the final installment of its stock, and assesses 
the stockholders for the remaining outlay, what will be the 
rate per cent of assessment ? 

4. The capital of a stock company is $527000. Its losses 
during a certain year are $7905. If the stockholders are as- 
sessed to pay this loss, what will be the rate of assessment, 
and how much will A pay, who owns 9 shares ? 
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5. The capital of a company is $ 573000. Its receipts for 
one year are $ 56000 and its expenses $ 105000. If the stock- 
holders are assessed, what will be the rate of assessment ? 

6. The capital stock of a certain railroad company consists of 
$ 200000 worth of 6% preferred stock and $ 500000 worth of 
common stock. If its net earnings in one year are $ 15000, 
what per cent of dividend can it pay on the common stock ? 


Nortr. — After all expenses, mortgages, cte., are paid, the specified dividend is first 
paid on the preferred stock, and the balance of the net earnings is paid as a dividend on the 
common stock. 


7. The net earnings of a steamship company during a certain 
year were $36000. Its capital stock consisted of $ 400000 
common stock, and $ 250000 preferred stock at 7%; besides 
which there was a mortgage of $ 75000 on the property of the 
company, bearing 5% interest. What was the rate of divi- 
dend paid on the common stock ? 


Stock Investments. 


608. As we have seen the income of capital stock is fluctuat- 
ing, but the income arising from bonds, whether of government 
or corporations, is fixed, being a certain rate per cent, semi- 
annually, of the par value, or face of the bonds. 


Examples. 


609. To find what income any investment will produce. 
1. What income will be obtained by investing $6840 in 
stock bearing 6%, and purchased at 95? 
OPERATION. 
$ 6848 + .95 = $ 7200, Stock purchased. 
$7200 x .06 = $432, Annual Income Ans. 


So._ution. — We divide the investment, $6840, by the cost of $1, and 
obtain $7200, the stock which the investment will purchase (§ 599). And 
since the stock bears 6% interest, we have $7200 x .06 = $482, the annual 
income obtained by the investment. 

Rure.— Find how much stock the investment will purchase, 
and then compute the income at the given rate upon the par 
value. 
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2. The trustees of a school invested $49917.50 in U. an 
bonds, as a teacher’s fund, purchasing the stock at 1021. If 
the principal’s salary is $1000, what sum will be left to pay 
assistants ? 

3. A young man, receiving a legacy of $ 48000, invested one 
half in 5% stock at 95}, and the other half in 7% stock at 
1198, paying brokerage at 4%. What annual income did he 
secure from his legacy ? 

4. Ihave $32300 to invest, and can buy New York Central 
6’s at 85, or New York Central 7’s at 95. How much more 
profitable will the latter be than the former, per year? 

5. If L invest $10504 in 5% bonds at 104, what income wiil 
my investment yield ? 

6. A owns a farm which rents for $411.45 per annum. If 
he sells it for $ $199.75, and invests the proceeds in 6% bonds, 
at 105, paying 4% brokerage, will his yearly income be in- 
creased or diminished, and how much ? 

7. A sold $8700 of 6 per cents at 104, and invested all but 
$1.12} of the proceeds in 5 per cents at 94, brokerage 1% both 
for selling and buying. Did he gain or lose by the exchange, 
and how much annually ? 


610. To find what sum must be invested to obtain a given 
income. 

1. What sum must be invested in Virginia 5% bonds, pur- 
chasable at 80, to obtain an income of $600? 

OPERATION. 
$600 + .05 = $12000, stock required. 
$12000 x .80 = $ 9600, cost or investment, Ans. 

Sotution. — Since $1 of the stock will obtain $.05 income, to obtain 
$600 will require § 600 +.05 = $12000. Multiplying the par value of the 
stock by the market price of $1, we have $ 12000 x .80 = $9600, the cost 
of the required stock, or the sum to be invested. 

Rurx.—I. Divide the given income by the per cent which the 
stock pays ; the quotient will be the par value of the stock required. 

Il. Multiply the par value of the stock by the market value of 
one dollar of the stock ; the product will be the required investment. 
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2. If Missouri State 6’s are at $4, what sum must be invested 
in this stock to obtain an income of $960? 

3. How much must I invest in U.S. 4’s, at 106, that my 
annual income may be $1752? 

4. If I sell $15600 worth of railroad bonds at 97, and 

invest a sufficient amount of the proceeds in U. 8. 4’s, at 107, 
to yield an annual income of $360, and buy a house with the 
remainder, how much will the house cost me? 
, 5. Charles C. Thomson, through his broker, invested a certain 
sum of money in U. S. 4’s at 1074, and twice as much in rail- 
road bonds (5’s) at 984, brokerage in each case +%. His income 
from both investments was $1644. How much did he invest 
in each kind of stock ? 


611. To find what per cent the income is of the investment, 
when stock is purchased at a given price. 


1. What per cent of my investment shall I secure by pur- 

chasing New York 7’s at 105. 
OPERATION, So.ution. — Since $1 of the stock will 
07 + 1.05 = 63% Ans. cost $1.05, and pay $.07, the income is ;j5 
= 62% of the investment. 

Rute. — Divide the annual income by the market price of the 
stock; the quotient will be the rate upon the investment. 

2. What per cent of his money will a man obtain by invest- 
ing in 6% stock at 108? 

3. What is the rate of income upon money invested in 6% 
bonds, purchased at 84? 

4. Which is the better investment, to buy 5’s at 70, or 6’s 
at 80? 

5. Which is the more profitable, to buy 8% bonds at 120, 
or 5’s at 75? 

6. What is the rate of income upon money invested in United 
States 4’s at 112? 

7. Which is the better investment, U. S. 4’s at 108}, or 
railroad 5’s at 98, and how much per cent per annum is it 
better ? 
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8. If a man invests $9800 in 5’s at 98, and exchanges them 
at par for 7,5;% bonds quoted at 125, what is his rate of 
income ? 

9. What per cent of his money will aman gain by investing 
in Pacific Railroad 6’s at 105 ? 


612. To find the price at which stock must be purchased to 
obtain a given rate upon the investment. 


1. At what price must 6% stocks be purchased in order 
to obtain §% income on the investment ? 

Sotution. —Since $6, the income of $100 

OPERATION. of the stock, is 8% of the sum paid for it, 

$6-+.08 =$75, Ans. $6= .08, or$75, must be the purchase price ; 
hence the stock must be bought at 75. 

Rure. — Divide the annual income which the stock bears by 
the rate required on the investment ; the quotient will be the price 
of the stock. 

2. What must I pay for 5 per cents, that my investment 
may yield 8% ? 

8. At what rate of discount must Vermont 6% bonds be 
purchased, that the person investing may secure 64% upon 
his money ? 

4. What rate of premium does 7% stock bear in the market 
when an investment pays 6% ? 

5. A speculator invested in a life insurance company, and 
received a dividend of 6%, which was 81% on his investment. 
At what price did he purchase ? 

6. What must I pay for 5 per cents, that my investment 
may yield 6% ? : 

7. What rate of premium do 6 per cents bear in the market 
when an investment pays 5% ? 

8. At what rate of discount must 8 per cents be purchased, 
that the investment shall yield 10% ? 

9. What must I pay for 6 per cents, that my investment 
may yield 7% ? 


INTEREST. 


SIMPLE INTEREST. 


613. Interest is a sum paid for the use of money. 
614. Principal is the sum for the use of which interest 
1s paid. 
615. Rate Per Cent per annum or Rate of Interest is the per 
cent of the principal paid for its use for one year. 
Notre. — Tho rate per cent {s commonly expressed decimally as hundredths. 
616. Amount is the sum of the principal and interest. 
617. Simple Interest is the sum paid for the use of the prin- 
cipal only, during the whole time of the loan or credit. 
618. Legal Interest is the rate per cent established by law. 
$ varies in different states. 


LEGAL INTEREST IN THE UNITED STATES IN 1893, 


Srates AND Terri- States anv Ternt- 


SPECIAL. Spreran. 
TORIES. ‘TORIES. 

Alabama 8 Limit Ss. Nebraska . . . - 7 Limit 10. 
Arizona. . 7 No limit. Novada. . 5 44 No limit. 
Arkansas . 6 Limit 10. New Hampshire" 6 Limit 6, 
California . 7 No limit. Now Jorsey . . - 6 Limit 6. 
Colorado . . 8 No limit. New Mexico. . . 6 Limit 12. 
Connecticut 6 Limit 6. New York. . . . 6 Limit 6. 
Delaware . . a 6 Limit 6. North Carolina . 6 Limit 8. 
Dist. of Columbia . 6 Limit 10, North Dakota 7 Limit 12. 
Florida . ; . 8 Limit 10. Ohio's = js, “sy is 6 Limit S. 
Georgia. . . . 7 Limit 8. Oklahoma. . . 7 Limit 12. 
NGARHO ie alc) nes 10 Limit 18. Oregon. . - 8 Limit 10, 
Illinois . . 5 Limit 7. Pennsylvania. : 6 Limit 6. 
Indiana. . . 6 Limit 8. Rhode Island. . . 6 No limit, 
Towa. . . 3 6 Limit 8, South Carolina . . 7 Limit 8. 
Kansas. . . 6 Limit 10. South Dakota c 7 Limit 12. 
Kentucky . 6 Limit 6. Tennessee. . . . 6 Limit 6. 
Louisiana . 5 Limit 8. Texb8W ils, ced fein 6 Limit 10. 
Maine . . 6 No limit. Utah. . . 5 8 No limit. 
Maryland . . 6 Limit 6. Vermont .... 6 Limit 6, 
Massachusetts 6 No limit. Mirginia vere a) tone 6 Limit 6. 
Michigan . 6 Limit 8. Washington . . . 8 No limit. 
Minnesota . 7 Limit 10, West Virginia ; 6 Limit 6. 
alisaissip Ds 6 Limit 10. Wisconsin. . . . 6 Limit 10. 
Missou 6 Limit 8. Wyoming. . . 12 No limit. 
Montana 10 No limit. 
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Note. —The first column represents the interest that may be legally collected if no rate 
is mentioned in the contract. If expressly stipulated in the contract, any interest may be 
charged not exceeding the limit in the second column. 


619. Usury is a higher rate of interest than is allowed by 
law. 


620. In the operation of interest there are five parts or ele- 
ments, namely: 


I. Rate Per Cent per annum, which is the fraction or deci- 
mal denoting how many hundredths of a sum of money are to 
be taken for a period of 1 year, and corresponds to the Zate 
Per Cent in percentage. 

Il. Interest, which is the whole sum taken for the whole 
period of time, whatever it may be, and corresponds to Per- 
centage. 

III. Principal, which is the Base or the sum on which 
interest is computed. 

IV. Amount, which is the sum of principal and interest, and 
corresponds to Amount in percentage. 

V. Time, an added element which does not appear in percent- 
age. 

These parts bear such a relation to one another, that any three of them 
being given (provided one of the three be the time or rate), the other two 
may readily be found. Hence there are many problems in Simple In- 
terest, but the five following cases are the ones that occur most frequently 
in business transactions. 

621. I. Given the principal, rate, and time, to find the interest 
and amount. 

IL.” Given the time, rate, and interest, to find the principal and 
amount. 

IIL. Given the time, rate, and amount, to find the principal 
and interest. 

IV. Given the principal, time, and interest, to jind the rate. 

V. Given the principal, rate, and interest, to find the time. 


Nore. —It is evident that when the principal and interest are known, the amount may 
be found directly by addition ; hence in problems IV and V where the principal and interest 
are given in the example, it is unnecessary to state the finding of the fifth element, amount, 
88 part of the problem. 
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Examples, 


622. Given the principal, rate, and time, in years and months, 
to find the interest and amount. 


1. What are the interest and amount on $75.19 for 3 years 
6 months, at 4% ? 


OPERATION. 


$ 75.19 
04 
AC Sorurion. — The interest on $75.19 for 1 yr., 
$ 3.0076 at 4%, is .04 of the principal, or $3.0076, and the 
3} interest for 3 yr. 6 mo. is 3} times the interest for 
15038 lyr., or $ 10.5266. 
sees The amount is equal to the sum of the prin- 
90228 cipal and interest. 
$ 10.5266 Int. Ans. 
75.19 


$ 85.7166 Amt. Ans. 
Rute. —I. Multiply the principal by the rate per cent, and the 
product will be the interest for 1 year. 


Il. Multiply the product by the time in years and fractions of 
a year ; the result will be the required interest. 


623. As the interest is the product of the principal, rate, 
and time, or p x 7 Xt, we can readily express the formulas 
(see § 525, Percentage) for the solution of these five problems; 
for if px rx t=, if we divide both sides of the equation 
by 7 xt, the result is p=i+(r x1), etc. (Ax. 4.) 

t=pxrxt. 
p=i+(rxt). 
p=a+(1+rxt). 
a=px(1+rxt). 
r=i +(pxtx1%). 
t =i +(pxr). 

624. In interest, any rate per cent is confined to 1 year. 
Therefore, if the time is more than 1 year, the per cent will 
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be greater than the rate per cent per annum, and if the time is 
less than 1 year, the per cent will be less than the rate per 
cent perannum. From these facts, we deduce the following 
principles: 

Princirtes.—I. Jf the rate per cent per annum is multiplied 
by the time, expressed in years and fractions or decimals of a 
year, the product will be the rate for the required time. 

Il. If the principal is multiplied by the rate for the required 
time, the product will be the required interest. 

Ill. Interest is always the product of three factors, namely, rate 
per cent per annum, time, and principal. 


625. In computing interest the three factors may be taken 
in any order; thus, if the principal is multiplied by the rate 
per cent per annum, the product will be the interest for 4 
year; and if the interest for 1 year is multiplied by the time 
expressed in years, the result will be the required interest. 
Hence we have the following rule: 


Ruue.—I. Find the continued product of the rate per cent 
per annum, time, and principal, taken in such order as is most 
convenient ; the continued product will be the required interest. 

Il. Add the principal and interest, and the result will be the 
amount. 


626. To find the interest on any sum, at any rate per cent for 
any time. 


I. The interest on any sum for 1 year at 1 per cent, is .01 of that sum, 
and is equal to the principal with the decimal point removed two places 
to the left. 

II. A month being 7, of a year, 7, of the interest on any sum for! 
year is the interest for 1 month. 

II. The interest on any sum for 3 days is ,%, = 7, =.1 of the interest 
for 1 month, and any number of days may readily be reduced to tenths of 
a month by dividing by 3. 

IV. The interest on any sum for 1 month, multiplied by any given 
time expressed in months and tenths of a month, will produce the re- 
quired interest. 
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1. What is the interest on $724.68 for 2 yr. 5 mo. 19 da, 
at 7% ? 


OPERATION. SoLurion. — We remove the deci- 
2 yr. 5 mo. 19 da. = 29.64 mo. she Pe uke part pear < 
2)% 7.246 places to the left, and have § 7.2468, 
12)8 _ ave the interest on the given sum for 1 
3.6039 year at 1% (1). Dividing this by 
29.64 12, we have $ .6039, the interest for 

2013 1 month, at 1% (11). 
36234 Multiplying this quotient by 29.6}, 
54351 the time expressed in months and 
42078 decimals of a month (III), we have 
pee soniste ba $ 17.89557, the interest on the given 
$ 17.89557 sum for the given time, at 1% (IV). 
Vi And multiplying this product by 7 
$ 125.26899 Ans. (7 times 1%), we have $ 125.268, the 


interest on the given principal, for 
the given time, at the given rate per cent. 


Rute.—IJ. To find the interest for 1 yr. at 1%.— Move 
the decimal point in the given principal two places to the left. 


II. To find the interest for 1 mo. at 1%.— Divide the in- 
terest for 1 year by 12. 


III. To find the interest for any.time at 1%.— Multiply the 
interest for 1 month by the given time expressed in months and 
tenths of a month. 


IV. To find the interest at any rate per cent.— Multiply 
the interest at 1% for the given time by the given rate. 


Contractions. — After removing the decimal point in the principal two 
places to the left, the result may be regarded either as the interest on the 
given principal for 12 months at 1 per cent, or for 1 month at 12 per cent. 
If we regard it as for 1 month at 12 per cent, and if the given rate is an 
aliquot part of 12 per cent, the interest on the given principal for 1 
month may readily be found, by taking such an aliquot part of the in- 
terest for 1 month as the given rate is part of 12 per cent. ‘Thus, 

To find the interest for 1 month at 6 per cent, remove the decimal 
point two places to the left, and divide by 2. 

To find it at 3 per cent, proceed as before, and divide by 4; at 4 per 
cent, divide by 3; at 2 per cent, divide by 6, etc. 
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SIX PER CENT METHOD. 


627. By the table on page 353, it will be seen that the legal 
rate of interest in 28 states is 6 per cent. This is a sufficient 
reason for introducing the following brief method: 


At 6% per annum the interest on $ 1 
Titty TOA) eon (COG Ont EAR ean is 3.06. 

« 2mo. Gs=fof12mo.) .. “ .01. 

« 1mo.,or 30 da. (,0f 12mo.) “ .004 = $.005 (1, of $.06). 
« 6da. of 30 da.) ...... ee O01. 
« da. (4 of 6 da. = 41, of 30 da.) is .0001. 

Principe. — Hence the interest of any sum at 6% is half as 
many hundredths of the principal as there are months in the given 
time, and one sixth as many thousandths as there wre days in the 
given time. ; 


628. To find the interest by the 6% method. 


1. Find the interest on $500 for 2 years 4 months 7 days 
at 6% and at 8%. 


OPERATION, 

$ .12 Int. of $1 for 2 yr. 
02 Int. of $1 for 4 mo. 
0014 Int. of $1 for 7 da. 


$.1413 Int. of $1 for 2 yr. 4 mo. 7 da. at 6%. 


Or, 
2yr.4mo.=28 mo. 4} of 28=$.14 
4of 7 da. =1 da. = .001} 


$1411 
$1414 x 500 = $ 70.5834, Int. at 6% Ans. 
8% = % or 4 of 6%. 
$ of $ 70.5835 = $ 94.114, Int. at 8% Ans. 


Soturion. —Since the interest on $1 for 1 yr. is $.06, for 2 yr. it wil 
be $.12. Since the interest for 2 mo. is $.01, for 4 mo. it will be $.02. 
Since the interest for 6 da. is $.001, and for 1 da. is $.000}, for 7 da. it 
is $.001}. Adding, we find the interest on $1 for 2 yr. 4 mo. 7 da. 
at 6% to be$.141}. Therefore, the interest on $500 is 500 times $.1414, 
which is $70.583}. Since 8% is } of 6%, the interest at 8% is 4 of 
$ 70.683}, which is $94.11}. 
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Ruur.—I. Find the interest of $1 for the given time at 6%, 
which will be half as many hundredths of a dollar as there are 
months, and one sixth as many thousandths as there are days. 


Il. Multiply the principal by the interest of $1, to obtain the 
interest of the given number of dollars. 


Nores.—1. To find the interest at any other rate per cent by this method, first find it 
at 6%, and then increase or diminish the result by as many times itself as the given rate is 
greater or less than 6%. Thus, for 7% add 3, and for 4% subtract 4, etc. 

2, Tho interest of $10 for 6 days, or of $1 for 60 days, is $.01. Therefore, if the prin- 
cipal is loss than $10, and the time less than 6 days, or the principal less than $1, and the 
time less than 60 days, the interest will be less than $.01, and may be disregarded. 

$. Since the interest of $1 for 60 days Is $.01, the interest of $1 for any number of days 
is as many cents as 60 is contained times In the number of days; hence if we multiply 
the principal by the number of days, divide the product by GW, and point off two 
decimal places in the quotient, he result will be the interest in the same denomi- 
nation as the principal. 


629. To find exact interest. 


When the time is short, interest is usually computed for the actual 
number of days—3860 days being considered as a year; but when it is 
desirable to find the exact interest, we must consider the year as con- 
sisting of 365 days, and a leap year as of 366 days. 

1. Find the exact interest of $ 600 from April 6, 1893, to May 
4, 1893, at 6%. . 


OPERATION. 


o 
Hf; of $.06 = s48, = $.0046,  Sorurtiox.—The time is 28 
Int. of $1. days; 28 days are #*, of a year. 


Since the interest on $1 for 1 
$ .0046 year is $.06, for 4%, of a year it 
600 is 28, of $.06, which is $.0046. 
Pe Hence the interest of $600 is 600 
9 
$2.76, Int. of $600 Ans. times $ .0046, which is $2.76. 
Or, Or, since the interest of $600 


arg at for one year at 6% is $36, for 
. a eS th See ee Yes Of a year it is We of '$36, 
‘O+ 


which is $2.76. 
Hes Of $ 36 = § 2.76, Int. of $ 600 
for 28 da., at 6% Ans. 


Ruur.—I. Eapress the exact number of days as the fraction 
of a year (365 days). 


II. Find the continued product of this fraction by the rate per 
annum and the principal. 
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Find the interest and amount on the following 3ums for the 
times given, at 6%: 


2. $325 for 3 yr. 6. $35.14 for 2 yr. 9 mo. 15 da. 
3. $1600 fori yr.3mo. 7. $217.15 for 3 yr. 10 mo. 1 da. 
4. $36.84 for 5 mo. 8. $721.53 for 4 yr. 1 mo. 18 da. 
5. $255 for 2 mo. 9. $15.12 for 15 mo. 17 da. 


Find the interest and amount of the following sums for the 

given times at 7%: 

10. $2000 for 5 yr. 6 mo. 13. $100.25 for 63 da. 

11. $1436.59 for 2 yr.5mo.18 da. 14. $600 for 24 da. 

12. $520for5 yr.11mo.29da. 15. $224.14 for 8 mo. 13 da 

Find the interest and amount of the following sums at 5%: 
16. $48.25 for 5 yr. 19. $12850 for 90 da. 

17. $750 for 1 yr. 3 mo. 20. $2500 for7 mo. 20 da 
18. $647.65 for 4 yr. 10 mo. 20 da. 21. $850.25 for 8 mo. 
22. $48.25 for 1 yr. 2 mo. 17 da. 

Find the interest and amount of the following sums at 8%. 
23. $2964.12 for 11 mo. 25. $360 for 2 yr. 6 mo. 12 da 
24. $725.50 for 150 da. 26. $600 for 3 yr. 2 mo. 17 da 

Find the interest of the following sums at 10%: 

27. $3045.20 for7mo.15da. 29. $2450 for 60 da. 

28. $1247.37 for 2yr. 26da. 30. $875.87 for 3 mo. 22 da 
31. $5000 for 1 yr. 2 mo. 10 da. 

$2. $127.65 for 1 yr. 11 mo. 3 da. 

33. What is the interest of $155.49 for 3 mo., at 61%? 

34. What is the interest of $970.99 for 6 mo., at 51%? 

35. What is the amount of $ 350.50 for 2 yr. 10 mo., at 7%? 
36. What is the interest of $95 for 3 mo. 24 da., at 41%? 
37. What is the amount of $145.20 for1 yr. 9 mo. 27 da. 
at 123%? 

38. What is the amount of $215.34 for 4 yr. 6 mo., at 31%? 
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39. What is the amount of $5000 for 20 da., at 7%? 

40. What is the amount of $16941 for Lyr. 7 mo., at 42%? 

Find the exact interest of: 

41. $100 from Jan. 2, 1895 to March 4, 1895, at 6%. 

42. $4750 from April 1, 1896 to July 5, 1896, at 9%. 

43. $2000 from Sept. 2, 1895 to Dec. 15, 1895, at 7%. 

44. If $1756.75 is placed at interest June 29, 1892, what 
amount will be due Feb. 12, 1895, at 7%? 

45. If a loan of $3155.49 is made Aug. 15, 1888, at 6%, 
what amount will be due May 1, 1896, no interest having been 
paid ? ‘ 

46. How much is the interest on a note for $ 257.81, dated 
March 1, 1891, and payable July 16, 1893, at 7%? 

47. A person borrows $3754.45, being the property of a 
minor who is 15 yr. 3 mo. 20 da. old. He retains it until the 
owner is 21 years old. How much money will then be due at 
6% simple interest ? 

48. Ifa person borrows $7500 at the legal rate in Boston 
and lends it in Wyoming, how much will he gain in a year? 

49. A man sold apiece of property for $11320; the terms 
were $3200 in cash on delivery, $3500 in 6 mo., $ 2500 in 10 
mo., and the remainder in 1 yr. 3 mo., with 7% interest. 
What was the whole amount to be paid? 

50. If a man borrows $ 15000 in Idaho, and lends it in New 
York, how much will he lose in 146 days ? 

51. Hubbard & Northrop bought bills of dry goods of 
Bowen, McNamee & Co., New York, as follows: July 15, 
1895, $1250; Oct. 4, 1895, $3540.84; Dec. 1, 1895, $575; and 
Jan. 24, 1896, $816.90. They bought on time, paying legal 
interest. How much was the whole amount of their indebted- 
ness, March 1, 1896 ? 

52. Mr. Gordon bought a piece of property of Mr. Hilton 
on Jan. 1, 1896 for $2870, and agreed to pay for it in 1 yr. 
6 mo., with interest at 64%. How much was duc Mr. Hilton 
on July 1, 1897 ? 
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53. A broker allows 6% per annum on all moneys deposited 
with him. If on an average he lends out every $100 received 
on deposit 11 times during the year, for 33 days each time at 
2% a month, how much does he gain by interest on $1000? 

54. A man engaged in business with a capital of $ 21840, is 
making 124% per annum on his capital; but on account of ill 
health he quits his business, and loans his money at 73%. 
How much does he lose in 2 yr. 5 mo. 10 da. by the change ? 

55. A speculator wishing to purchase a tract of land con- 
taining 450 acres at $ 27.50 an acre, borrows the money at 54%. 
At the end of 4 yr. 11 mo. 20 da. he sells 2 of the land at $34 
an acre, and the remainder at $32.55 an acre. How much 
does he lose by the transaction ? 


630. Given, the time, rate per cent, and interest, to find the 
principal and amount. 


1. What sum of money will produce $87.42 interest in 4 
years, at 6%, and what will be the amount ? 


: OPERATION, Sorurtion. — Since 
$ .24, Int. of $1 for 4 yr. at 6 %. 2.04 ts the insect ot 
$87.42 + 24 = $ 364.25, Prin Sean cae 

5 Un eS td) ‘ : Ans. 387-42 must be the 
$ 364.25 + $ 87.42 = $ 451.67, Amt. interest of as many 


dollars, for the same 
time and at the same rate, as $ .24 is contained times in $87.42. Dividing, 
we obtain $ 364.25, the required principal, and adding the principal and 
interest we obtain the amount, § 451.67. 


Rure.—I. Divide the given interest by the interest of $1 for 
the given time at the given rate. The result will be the principal. 


IL. Add the principal and interest to find the amount. 

2. What sum of money, invested at 61%, will produce 
$ 279.825 in 1 yr. 6 mo. ? : 

3. What sum will produce $63.75 interest in 6 mo. 24 da. 
at 74% ? 

4. What sum of money will produce $12} interest in 10 
days at 10%? 
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5. What sum must be invested in real estate paying 12}% 
profit in rents, to give an income of $ 3125 ? 

6. What is the value of a house and lot that pays a profit 
of 94% by renting it at $30 per month ? 

7. What sum must be invested in real estate yielding 8% 
profit to produce an income of $ 5615 ? 


8. What sum of money, put at interest for 6 yr. 5 mo. 11 da., 
at 7%, will gain $5159.14? 


631. Given, the time, rate per cent, and amount, to find the 
principal and interest. 


1. What sum of money in 2 years 6 months, at 7 %, will 
amount to $ 136.535, and what will be the interest ? 

OPERATION. SoLtutTion.— 

$ 1.175, Amt. of $1 for 2 yr. 6 mo. at 7 %. Since $1.175is the 

$ 136.535 + 1.175 = $116.20, Prin. amount of $11! fon 


L Ans. 2 
af KOR , 6 » ~ . 2 6 ths, 
$ 136.535 — $116.20 = $ 20.335, Int. J at 7%, $186.686 


must be the amount of as many dollars, for the same time and at the 
same rate, as 1.175 is contained times in $136.535. Dividing, we ob- 
tain $116.20, the required principal, and subtracting this principal from 
the amount we obtain $ 20.335, the interest. 
Rutx. —I. Divide the given amount by the amount of $1 for 
the given time at the given rate to find the principal. 
Il. Subtract the principal from the amount to find the interest. 
Nore. — As the amount of $1 is always expressed by the same number as 1+ the rate 
jor the given time, we may divide the amount by 1+ the rate by the time, i.e, p=a 
+(1+9r xt) (§ 623). 
2. What principal in 2 yr. 3 mo. 10 da., at 5 per cent, will 
amount to $1895.61} ? 
3. What sum put at interest at 31% for 10 yr. 2 mo., will 
amount to $ 15660 ? 
4. What is the interest of that sum for 2 yr. 8 mo. 29 da., 
at 7%, which at the same time and rate, will amount to 
$ 1568.97 ? 


5. If the time is 3 yr., the rate 4%, and the amount 
$ 31826.40, find the interest. 
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6. What is the interest of that sum for 243 days at 
8%, which at the same time and rate, will amount to 
$ 11119.70? 

7. What sum put at interest at 51% for 8 yr. 5 mo., will 
amount to $1897.54 ? 

8. What sum of money put at interest at 4% for 3 yr. 6 
mo. 18 da., will amount to $ 31119.50 ? 


632. Given, the principal, time, and interest, to find the rate 
per cent. 


1. I received $315 for 3 years’ interest on a mortgage of 
$1500. What was the rate per cent ? 


$15.00 CEBEATION: Sotution.— Since $45 is the in- 
4 terest on the mortgage for 3 years at 

3 1 per cent, $315 must be the in- 

$ 45.00, TInt. for 3 yr. at 1%. terest on the mortgage for the same 
$315 +$45=7; 7% Ans. time, at as many times 1 per cent 


as $45 is contained times in $315, 
Dividing, we obtain 7, the required rate per cent. 


Ruzz. — Divide the given interest by the interest on the prin- 
cipal for the given time at 1 per cent. 


2. If I loan $750 at simple interest, and at the end of 
1 yr. 3 mo. receive $ 796.88, what is the rate per cent. 

3. If I pay $10.58 for the use of $1700 for 28 days, what 
is the rate of interest ? 

4. I borrowed $600, and at the end of 9 yr. 6 mo. returned 
$856.50. What was the rate per cent ? 

5. A man invests $7266.28, which gives him an annual 
income of $744.79. What rate of interest does he receive? 

6. If C buys stock at 70, and every 6 months receives a 
dividend of 4%, what annual rate of interest does he receive ? 

7. At what rate per annum of simple interest will any sum 
of money double itself in 4, 6, 8, and 10 years, respectively ? 


SucGEsTION. —To double itself a sur must gain 100%. At 1% interest it would take 
100 years to gain 100%, at 4% it would take 100+ 4= 25 yoars, otc. 
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8. At what rate per annum of simple interest will any sum 
treble itself in 2, 5, 7, 12, and 20 years respectively ? 

SuGGestion. — To treblo itself a sum must gain 200%. 

9. A house that rents for $760.50 per annum, cost $7800. 
What per cent does it pay on the investment ? 

633. Given the principal, rate per cent, and interest, to find 
the time. 


1. In what time will $924 gain $ 151.536, at 6% ? 


OPERATION. So.ution. — Since $55.44 
$ 924. is the interest of $924 for 1 
06 year at 6%, $151.536 must 


— be the interest of the same 
$ 55.44, Int. of $ 924 for 1 yr. at 6%. sum, at the same rate, for as 


$151.536 + $55.44 = 2.73}, many years as $55.44 is con- 
2.731 yr. =2 yr. 8 mo. 24 da. Ans. aioe SS TEViaee 
ducing the mixed decimal to its equivalent compound number we have 
2 yr. 8 mo. 24 da., the required time. 

Rute. — Divide the given interest by the interest on the prin- 
cipal for 1 year ; the quotient will be the required time in years 
and decimals. 

2. In what time will $273.51 amount to $ 312.864, at 7% ? 

3. How long must $650.82 be on interest to amount to 
$761.44, at 5% ? 

4. How long must $204 be on interest to amount to 
$ 217.09, at 7% ? 

5. How long may I borrow $750, with interest at 6%, so 
that it may amount to $942? 

6. How long will it take any sum of money to double itself 
by simple interest at 3, 4}, 6, 7, and 10%? How long to 
quadruple itself? 

Sucarstion. — At 3% a sum will gain 100% in 100+3 = 33} years, 

7. In what time will $9750 produce $780 interest at 12% ? 

8. Mr. Cook loaned $1600 at 6% until it amounted to 
$2000. What was the time ? 

9. I borrowed $2250 of a friend at 5%, and kept it until 
it amounted to $ 2643.75. When did I repay the debt? 


Sey ae en = el oe ee Oe ee 
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ANNUAL INTEREST. 


634. When money is loaned for more than one year, the 
interest is usually made payable annually or semiannually by 
the terms of the contract. If a contract reads “with interest 
payable annually” and the interest is not paid when due, some 
states allow the creditors to collect simple interest on each 
year’s interest from the time it is due to the date of settlement. 


635. Annual Interest is the process of computing simple 
interest on the principal and on each year’s interest not paid 
when due. 

Norr. —1. The term annual interest is used for total interest including simple interest 


and interest on unpaid interest, and also in another sense to indicate yearly interest, ie. 
the interest due at the end of each year. (See p. 379, line 12.) 
2. The int. on the unpaid int. must be so computed as not to increaso the original prin- 


cipal. This is the difference between total annual int. and compound int. (§ $37). 
Examples. 


636. To find interest, payable annually. 
1. Find the interest and amount of $8000 for 5 yr., at 6 %, 
{nterest payable annually. 


OPERATION. 
Int. of $ 8000 for 1 yr. at 6 % = $480. 
« « $8000 tor 5 yr. at 6 % = $ 2400. 


« «© $480 for 10 yr. at 6 % = $ 288. 
$ 2400 + $288 = $2688, Total Ann. Int. % 
$ 8000 + $ 2688 = $ 10688, Amount : bes 


So.ution. — The interest on $8000 for 1 yr. at 6% is $480, and for 5 
rt. it is $2400. 

The interest for the first year, remaining unpaid, draws interest for 4 
yr. ; that for the second year, for 3 yr. ; that for the third year, for 2 
yr.; and that for the fourth year, for 1 yr., the sum of which is equal to 
the interest of $480 for 4 yr. +3 yr.+ 2 yr. +1 yr.=10yr.; and the 
interest of $480 at 6% for 10 yr. is $288. Hence the total interest is 
$2400 + $ 288, or $2688, and the amount is $ 10688. 


Rure. —I. Compute the interest on the principal for the given 
time and rate, to which add the interest on each year’s interest for 
the time tt has remained unpaid. 
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II. To obtain the latter, when the interest has remained unpaid 
Sor a number of years, multiply the interest for one year by the 
product of the number of years and half that nwmber diminished 
by one. 

Thus, if the time is 9 yr., the interest for 1 yr. should be multiplied by 
9x (9—1) +2, or 9x 4=86. Since the interest for the first year 
draws 8 years’ interest, that for the second 7 years’ interest, etc., the sum 
of the series 8 +7+6+5+4+4+3+42 +41 is 36. 


2. What is the total interest of $1500 for 4 yr. at 7%, pay- 
able annually ? 

3. What will $3500 amount to in 10 yr., with interest 
annually, at 8 % ? 

4. What is the difference between the simple interest of 
$ 2500 for 6 yr. at 6 %, and the interest if payable annually ? 

5. Find the amount of $575, at 8% annual int., for 9 yr. 

6. Find the amount of $2300 for 3 yr. 5 mo. 18 da., at 8%, 
with interest payable annually. 

7. Find the amount of $1800 for 6 yr. at 6%, with 
interest payable annually. 

8. What is the difference between the simple interest of 
$1800 for 5 yr. 8 mo., at 5%, and the interest if payable 
annually ? 

9. Find the total interest and the amount of $10000 for 
3 yr. 6 mo., at 8%, payable annually. 

10. Find the amount of $3420 for 6 yr. 6 mo., at 6 %, with 
interest annually. 

11. Find the total interest and the amount of $850 for 
4 yr. 2 mo., at 7 %, with interest annually. 

12. What is the difference between the total interest payable 
annually and the simple interest of $5600 for 4 yr. 3 mo. 
15 da., at 6 % ? 

13. What is the interest of $10000 for 3 yr. 5 mo. 10 da., 
at 6%, payable annually? What is the simple interest ? 
What is the difference between the former and the latter ? 
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COMPOUND INTEREST. 


637. Compound Interest is interest on both principal and 
interest, when the interest is not paid when due. 


Nores,—1. The simple interest may be added to the principal annually, semiannually, 
or quarterly, as the parties may agree; but the taking of compound interest is not legal, 

2, In annual interest the additional int, is computed only on the unpaid simple int. ; 
but in compound interest the principal is increased at the end of each interval by all the 
interest accrued during that interval. Hence compound int. is more than annual int. 


638. The problems in compound interest are the same as 
those in simple interest (§ 621). 

I. Given the principal, rate, and time, to find the compound interest 
and amount (§ 622). 

Il. Given the time, rate, and compound interest, to find the principal 
andamount (§ 630). 

MI. Given the time, rate, and amount, to find the principal and com- 
pound interest (§ 631). 

IV. Given the principal, time, and compound interest or amount, to 
find the rate (§ 632). 

V. Given the principal and rate, and compound interest or amount, 
to find the time (§ 633). 

Examples. 

639. Given the principal, rate, and time, to find the compound 
interest and amount. 

1. What is the compound interest of $640 for 4 years 


at 5% ? 


FIRST OPERATION. 
$ 640 Principal for 1st year. 
$640 x 1.05 = $672 CG ede a 
$672 x 1.05 = $705.60 “ So Scie & fe 
$705.60 x 1.05 = $740.88 “ “« 4th 
$740.88 x 1.05 = $777.92 Amount “ 4 years. 
640. | Given Principal. 
$137.92 Compound Interest Ans. 
_ SECOND OPERATION. 
1.05 x 1.05 x 1.05 x 1.05 = 1.2155. 
$640 x 1.2155 = $777.92 Amount for 4 years. 
640.00 Principal. 
$137.92 Compound Interest Ans. 
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Sorution. — The amount for the first year will be 105% of the princi 
pal; for the second year, 105% of this result ; for the third year, 105% of 
the amount for the second year; and for the fourth year, 105% of the 
amount for the third year. ‘The amount for the fourth year will there- 
fore be 1.05 x 1.05 x 1.05 x 1.05 = 1.2155 of the principal; $640 x 
1.2155 = $777.92. Subtracting the principal from this amount, we find 
the compound interest to be $137.92. 

Ruin. —I. Find the amount of the given principal at the 
given rate for one interval, and make it the principal for 
the second interval. 

Il. Find the amount of this new principal, and make it the 
principal for the third interval, and so continue for the given 
number of intervals. 

IIL. Subtract the given principal from the last amount; the 
remainder will be the compound interest. Or, 

I. Find the amount for the given time expressed in per cent, and 
take this per cent of the principal. The result will be the amount. 

Il. Subtract the principal from this amount to find the com 
pound interest. 


Nori. —By the use of the compound interest table on pp. 870, 871, the second method may 
be greatly abbreviated. When the interest 1s payable semiannually or quarterly, find the 
amount of the given prineipal for the first interval, and make it the principal for the second 
interval, proceeding in all respects as when the interest {s payable yearly. When the time 
contains years, months, and days, find the amount for the years, upon which compute the 
interost for the months and days, and add It to the last amount, before subtracting. 


2. What is the amount of $300 for 4 years at 6% com. 
pound interest, payable semiannually ? 


OPERATION. Sotution. —The amount of $1 at 6%, comp. int. pay- 

$ 1.26677 able semiannually, is the same as the amount of $1 at 

300 3%, payable annually for twice as many years. We 

__* —s therefore take, from the table, the amount of $1 for 8 yr, 
$ 380.031 Ans. at 3%, and multiply this amt. by the given principal. 


Find the compound interest and amount of: 

3. $750, 4 yr, 6%. 4. $250, 3 yr., 7%. 

5. $376, 3 yr. 8 mo. 15 da. 6%. 

6. $1475.50, 2) yr., 7%, compounded semiannually. 

7. $1840, 1 yr. 10 mo. 20 da., 8%, compounded quarterly. 

8. What is the amount of $536.75 for 12 yr., at 8% com. 
pound interest ? 
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Amount or $1 at Comrounp INTEREST IN ANY NUMBER OF YEARS, 
NOT EXCEEDING FIFTY-FIVE. 


2 per cent. 


INTEREST. 


2} per cent. 


8 per cent. 


1,0200 0000 


1,1261 6242 
1.1486 8567 
1.1716 5938 
1.1950 9257 
1.2189 9442 


1.2488 7431 
1.2682 4179 
1.2936 0663 
1,8194 7876 
1.3458 6834 


1.8727 8570 
1.4002 4142 
1.4282 4625 
1.4568 1117 
1.4859 4740 
1,5156 6634 
1.5459 7967 
1.5768 9926 
1.6084 8725 
1.6406 0599 


1.6784 1811 
1.7068 S618 
1.7410 2421 
1.7753 4469 
1.8113 6158 


1.8475 8382 
1.845 4059 
1,9222 3140 
1,9606 7603 
1.9998 8955 


2.0398 S784 
2.0806 8509 
2.1222 9879 
2.1647 4477 
2.2080 3966 


2.2522 0046 
2.2972 4447 
2.8431 8936 
2.8900 5314 
2.4378 S421 


2.4866 1129 
2.5363 4351 
2.5870 7039 
2.6333 1179 
2.0915 8303 


2.7454 1979 
2.8003 2319 
2.8563 3475 


2.9134 6144 
2.9717 8067 


1.0250 0000 
1.0506 2500 
1,0763 9062 
1.1088 1289 
1.1814 0521 


1.1596 9342 
1,1886 8575 
1.2184 0290 
1.2483 6297 
1.2800 S154 


1.3120 8666 
1.3448 8382 
1.8785 1104 
1.4129 7382 
1.4482 9817 


1.4345 0562 
1.5216 1826 
1,5596 5872 
1.5986 5019 
1.6336 1644 


1.6795 8185 
1.7215 7140 
1.7646 1063 
1.8087 2595 
1.8539 4410 


1.9002 9270 
1.9478 0002 
1.9964 9502 
2.0464 0739 
2.0975 6758 


2.1500 0677 
2.2087 5694 
2.2583 5086 
2.8153 2213 
2.8782 0519 


2.4825 8532 
2.4933 4870 
2.5556 8242 
2.6195 7448 
2.6850 6354 


2.7521 9043 
2.8209 9520 
2.8915 2008 
2.9638 0808 
8.0379 0328 


8.1138 5086 
3.1916 9713 


8. 
3.4371 0872 


3.5280 8644 
8.0111 1285 
8.7018 9016 
3.7939 2491 
8.8887 7803 


1.0300 0000 
1.0609 0000 
1.0927 2700 
1.1255 0831 
1.1592 7407 
1.1940 5230 
1.2298 7357 
1.2667 7003 
1.3047 7318 
1.3439 1638 
1.38342 3887 
1.4257 6059 
1.4685 8871 
1.5125 8972 
1.5579 6742 
1.0047 0644 
1.6528 4763 
1.7024 3306 
1.7535 0605 
1.8061 1123 


2.0987 7793 


2.1565 9127 
2.2212 S901 
2.2879 2675 
2.8565 6551 
2.4272 G27 
2.5000 S085 
2.5750 S276 
2.6523 3524 
2.7319 0530 
2.8188 6245 


2.8982 7838 
2.9852 2668 
8.0T4T 8348 
8.1670 2698 
3.2620 3779 


3.8598 9898 
3.4606 9589 
8.5645 1677 
8.6714 5227 
8.7815 9534 


3.8950 4372 
4.0118 9503 
4.1322 5183 
4.2562 1944 
4.8839 0602 


4.5154 2320 
4.6508 8590 
4.7904 1247 
4.9341 2485 
5.0821 4859 


8} per cent. 


2.8692 4 
ra 449 5856 


6711 
7196 
7798 
9370 
8148 
0759 
4235 


9045 


02 OG11 
10 ae 


9592 ire 


4} per’ cent, 


t 

1.1411 6612 

: 1925 1860 
1.2461 S194 


1,8022 6012 


1. “6298 5305 
1.6958 8143 
1.7721 9610 
1.8519 4492 
1.9352 S244 
2.0228 7015 
7681 
TSTT 
6031 
1402 


5202 4116 
5201 
6635 
1383 
BH6 


7901 
0956 
9999 
8649 
1813 


5745 
8104 
3018 
6154 
4781 
7SA6 
6049 
1921 
5.5658 9908 
5.8163 G14 


6.0781 0094 
6.8516 1548 
6.6874 8818 
6.9361 2290 
7.2482 4543 


T.DT44 1961 
7.9152 6349 
8.2714 5857 
8.0436 7107 
9.0826 8627 


9.4391 04190 
9.8683 6463 


3.0054 
8.1406 


10.3077 8853 
10,7715 8677 
11.2563 0317 
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Amount or $1 at Compounp INTEREST IN ANY NUMBER OF YEARS, 


NOT EXCEEDING FIFTY-FIVE, 


10 


5 per cent. 


1.0500 000 
1.1025 000 
1.1576 2 

1.2165 068 
1.2762 S16 


1.3400 956 
1.4071 004 
1. oe OD 


2.7859 626 


m7 9259 


9.4342 582 
9.9059 711 
10.4012 697 
10.9218 331 
11.4673 998 


12.0407 695 
12.6128 088 
13.2749 487 
18,9386 961 
14.6856 309 


6 per cent. 


1.0600 000 
1,1286 000 
1.1910 160 
1,2624 770 
1,8382 256 
1.4185 191 
1.5036 303 
1.5038 481 
1.6594 790 
1.7908 477 


1.9982 986 
2.0121 905 


2. 2609 O40 
2.3965 582 


2.5403 517 
2.6927 728 
2/8543 392 
8.0255 995 
3.2071 855 
3.8095 636 
3.6085 874 
B.S197 497 
4.0189 846 
4.2918 707 
4.5493. $30 
4.8293 459 
5.1116 S67 
5A1S3 S79 
5.744 912 
6.0881 006 
6.4533 S67 
6.8405 $99 
7.2510 23 
7.6860 SOS 
8.1472 520 
8.6360 S71 
9.1542 524 


10,9028 610 
11.5570 827 
ey BG 


854 S19 
13.7646 108 
14.5904 875, 
15,4659 167 
16,8938 717 
17.8775 O40 
18.4201 543 


19.5253 635 
20.6968 S53. 
21.9886 985, 
2550 204 
24.6503 216 


7 per cent, 


1.0700 000 
1.1449 000 
1.2250 430 
1.8107 960 
1.4025 517 


1.5007 804, 


1.6057 S15 
1.7181 862 
1.8334 592 
1.9671 514 


2.1048 520 
2. re 916 


36 165 275 
8.8696 S15 


4.1405 624 


4239 422 
236 181 
92 T14 
13.9948 204 
14,9744 57S 


16,0226 699 
17.1442 568 
18.3443 S48 
19.6284 596 
21,0024 518 


22.4726 234 
24,0457 070 
25.7289 065 
27.5299 300 
29.4570 251 


81,5190 168 
88.7253 480 
36.0861 224 
88.6121 509 
41.3150 015 


8 per cent. 


1.0800 000 
1.1664 000 
1.2597 120 
1.8604 890 
1.4693 231 


1.5868 743 
1.71388 243 
1.8509 302 
1.9990 046 
2.1589 250 
2.83816 390 
2.5181 701 
2.7196 237 
2.9371 936 
8.1721 691 


8.4259 426 
3.7000 181 
8.9960 195 
4.3157 O11 
4.6609 571 


5.0888 887 
5.4865 404 
5.8714 687 
6.3411 807 
6.3484 752 


7.8903 582 
7.9880 615 
8.6271 064 
9.8172 TA9 
10.0626 569 


10.8676 694 
11.7870 830 
12.6760 496 
13.6901 836 
AG 7858 443 


23.4624 852 
25.8894 $19 
27.3606 404 
29,5559 717 
81.9204 494 


84.4740 853 
87.2820 122 
40.2105 731 
48.4274 190 
46,9016 125 


50.0587 415 
54.7060 40S 
59.0825 241 
63.8091 260 
68.9188 561 


9 per cent. 
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9.3991 579 
10.2450 821 
11.1671 895 
12.1721 S21 
13.2676 785 


14.4617 695 
15.7633 283 
17.1820 284 
18,7234 109 
20.4139 679 
22.2512 250 
24,2538 353 
26.4866 S05 
28.8159 S17 
31.4094 200 


84.2862 679 
87.8175 820 
40.6761 008 
44.3369 597 
48.3272 861 


52.6767 419 
ST.ALTS 486 
62.5852 870 
68,2179 083 
74.8575 201 


81.0496 969 


104.9617 079 
114.4082 616 


10 per cent. 


1,1000 000 
1.2100 000 


6.7275 000 


7.4002 499 
8.1402 749 
8.9548 024 
9.8497 327 
10.8347 059 


11.9181 765 
13.1099 942 
14.4209 936 
15,8630 930 
17AN9A 023 


19.1943 425 
21.1187 768 
28,2251 S44 
25.476 699 
23.1024 369 


80.9126 S05 
34.0039 486 
STA0KS 434 
41.1447 178 
45.2592 556 


49.7851 SIL 


72.8004 S87 


80.1795 321 
88.1974 853 
97.0172 388 
106.7189 572 
117.8908 529 


129,1299 882 
142.0429 820 
156.2472 252 
VUL.ST19 ATT 
189.0501 425 
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640. Given the time, rate, and compound interest, to find the 
principal and amount. 
1. What principal at 2% compound interest will gain 
$ 1090.80 in 2 years, and what will be the amount ? 


OPERATION, 


$1.0404 —$1 = $.0404, Comp. Int. $1 for 2 yr. at 2%. 
$1090.80 + 0404  =$27000, Prin, 2. 4,, 


$ 27000 + $1090.80 = $ 28090.80, Amt. y 
So.ution. — By the table we find the amount of $1 for 2 yr. at 2% to 
be $ 1.0404, hence the compound interest for $1 is $ .0404, and $1090.80 
is the compound interest of as many dollars as .0404 is contained times 
in $1090.80. The amount is the principal plus the interest. 
Rue. —I. Divide the given compound interest by the compound 
interest of $1 for the given rate; the result will be the principal. 
Il. Add the principal and compound interest to Jind the amount. 


What principal at compound interest will gain: 

2. $5314.80 in 2 yr. at.6% ? 3. $775.215 in 2 yr. at 7%? 

4. If $8851.38 comp. int. is paid fora sum for 4 yr. at 34%, 
what will this sum amount to in the given time ? 


641. Given the time, rate, and amount, to find the principal and 
compound interest. 

1. What sum of money will amount to $2902.263% in 20 
years at 7% comp. int., and what will be the comp. int. ? 


OPERATION. 
$ 3.8696845 = Amt. $1 for 20 yr. at T%. 
$ 2902.2633 + 3.8696845 = $750, Prin. 
$ 2902.263 — $750 = } 2152.26, Comp. Int. i 
So.ution. — Consulting the table, we find that $1 in 20 years at 7% 
will amount to $3.8696845. Therefore $ 2902.263% must be the amount of 


$2902.2633 + 3.8696845 which is $750, and the compound interest is the 
difference between the amount and principal. 


Ans. 


Ruie.—I. Divide the given amount by the amount of $1 for 
the given time at the given rate ; the result will be the principal. 

II. Subtract the principal from the amount to find the com 
pound interest. 
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Find the principal and compound interest: 
2. Amt. $8644.62; rate 6%; time 4 yr. 
3. Amt. $5788.125; rate 5%; time 3 yr. 


642. Given the principal, time, and compound interest, or 
amount, to find the rate. 

1. If $87.4048 compound interest is paid for the use of a 
principal of $700 for 3 years, what is the rate per cent ? 

: OPERATION. 

$ 700 + $87.4048 = $ 787.4048, Aint. of $700 for 3 yr. 

$ 787.4048 + 700 = $ 1.124864, Amt. of $1. 

By table the rate for 3 yr. =4%. Ans. 

So.ution. —Since $700 amounts to $787.4048, $1 will amount to 
$ 787.4048 + 700 = $1.124864. Consulting the table in the line for 3 
years, we find this amount under 4%, 

Rue. — Divide the amount by the principal; the result will be 
the amount of $1 for the given time. Find by the table the rate 
which for the given number of years will produce this amount. 

2. At what rate will $5000 amt. to $ 5304.50 in 2 yr. ? 


3. What is the rate if $10000 gains $7908.477 in 10 yr. ? 


643. Given the principal, rate, and compound interest, or 
amount, to find the time. 
1. In what time will $500 gain $72.45, at 7% comp. int. ? 


OPERATION. Sotution. — Since $ 500 amounts 

re pe SY aeey » to $672.45 in a certain time, $1 

72.45 =$ 572.45, J : - bagel) 

$5 uy amu 2.45 i $ 972.45, Amt. in the same time at the same rate, 
$ 572.45 + 500 = $ 1.1449, will amount to x}, of $572.45, 
Amt. of $1 at TH. which is $1.1449. By the table 

we find the time in which $1 will 


By table, time = 2 yr. Ans. amountto $1.1449, at 7%, to be 2yr- 


Rute. — Divide the amount by the principal ; the result will be 
the amount of 3 1 for the given time. TF ind by the table the time 
which at the given rate will produce this amount. 

2. In what time will $ 1000 gain $1171.353 at 6% ? 

3. When will $333 amt. to $376.76 at 5%, semiannually ? 

4. In what time will a sum double itself at 6% comp. int.? 


| 
{ 
! 
} 
i 
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PARTIAL PAYMENTS OR INDORSEMENTS. 


644. A Partial Payment is payment in part of a note, bond, 
or other obligation that is due or is drawing interest. 

When the amount of a payment is written on the back of the obliga- 
tion, it serves the purpose of a receipt, and is called an Indorsement. 


Promissory Notes are written promises to pay certain sums of money 
on demand, or at specified times, as ‘30 days after date,’’ ‘*two months 
after date,” etc. (§ 660). They constitute one of the most important forms 
of commercial paper. Other forms, as checks, drafts, etc., will be de- 
scribed under other heads. 


For definitions of maker, payee, indorser, negotiable note, face pro- 
ceeds, etc., see under ‘* Bank Discount’ pp. 384-386. 


645. To secure uniformity in the method of computing 
interest when partial payments have been made, the Supreme 
Court of the United States has decided that: 


“The rule for casting interest when partial payments have 
been made is to apply the payment, in the first place, to the 
discharge of the interest then due. 

“Tf the payment eaceeds the interest the surplus goes towards 
discharging the principal, and the subsequent interest is to be 


_ computed on the balance of the principal remaining due. 


“Tf the payment is less than the interest the surplus of inter- 
est must not be taken to augment the principal, but the interest 
continues on the former principal until the period when the 
payments, taken together, exceed the interest due, and then 
the surplus is to be applied toward discharging the principal, 
and the interest is to be computed on the balance as afore- 
said.” — Decision of Chancellor Ixent. 


PrinorpLes.—I. Accrued interest must be paid before the 
principal can be diminished. 
II. Interest must never draw interest. 


646. This decision has been adopted by nearly all the states 
of the Union. 
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Unitep Sratres Rute.—I. Find the amount of the given 
principal to the time of the first payment, and if this payment 
equals or exceeds the interest then due, subtract it from the amount 
obtained, and treat the remainder as a new principal. 

Il. But if the interest is greater than any payment, find the 
amount on the sume principal to a time when the swm of the pay- 
ments equals or exceeds the interest then due; subtracting the 
sum of the payments from that amount, the remainder will form 
anew principal, on which interest is to be computed as before. 


Examples. 

647. To compute partial payments by the United States rule. 
$2000. Springfield, 7Haar., fan. 4, 1894. 

1. Sov value received JF frome to hay famer 
Partit, ov order, two thowwand dollary, one year after 
date, wtth tnterert. George foner. 

Indorsements: Feb. 19, 1895, $400; June 29, 1896, $1000; 
Novy. 14, 1896, $ 520 

How much remained due Dec. 24, 1897 ? 

OPERATION, 


Principal on interest from Jan. 4, 1894 . . . . . . . $2000 
Interest to Feb. 19, lyr.1 mo.16da. ...... . 135 


Amount . . oie aeuitetn cn emicolc) Hepereha le” fot @ ALOO 
Payment Feb. 19, 1805 hah One 4? aCe 2) Dad. sUe te 4 400 
Remainder for a new principal A $1735 
Interest from Feb. 19, 1895, to June 29, 1806, Ba ve 
4mo. 10 da... 5 141.69 
Amount . oh cies Outta bony cel OME ALG) 
Payment, June 29, 1896 oh sty ced, stanel Keperra Vet. waerora ee LOQUG 
Remainder for a new principal. $3876.69 
Interest from June 29, 1896, to Nov. 14, 1896, 4 mo, 15 ‘da, 19.725 
Amount. yea oe hd Oe edo oF ab) 
Payment, Noy. 14, 1806 dhe SoG de 6g Boe do wo 520 
Remainder for a new principal. . $376.415 
Interest from Noy. 14, 1896, to Dec. 24, 1897, a vr sal mo. 
INGE G 9 6 0 at : beat d 25.09 


RemalndarduaiDec. 24, 1897 - ee ew we e)©6 Ans. $401,505 + 


= 


+. 
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$ 475.50. Arbanta, GA., April 1, 1893. 
2. For value received, we jointly and severally promise to 
pay Mason & Brothers, or order, four hundred seventy-five 
dollars fifty cents, nine months after date, with interest at 7%. 
- Jones, Smituo & Co. 
This note was indorsed as follows: Nov. 25, 1893, $50; 
June 10, 1894, $15.75; Aug. 1, 1895, $ 25.50; May 14, 1896, 
$104. How much was due March 15, 1897 ? 


OPERATION. 

Principal on interest from April 1,1893 . . . . . . . $475.50 
Interest to Nov. 25, 1898, 7 mo.24da. ..... 4... 21.63 

Amount . . CME EcEtet shucks wot om a AOS 
Payment Noy. 25, 1803 co 6 6 So Soe 50 

Remainder for a new principal. 8 ss BAERS 
Interest from Novy. ai 1808, to May 14, 1800, 2 yr. 5 mo. 

ADU Serre lc). 4 cme cine ; 

Amount . 
Payment June 10, 1804, less than. interest then due) 
Payment Aug. 1, 1895 . . . Mes, 


Their sum less than interest then sine 
Payment May 14, 1896 


Their sum exceeds the interest then aus 
Remainder for a new principal 


Interest from May 14, 1896, to March 15, 1897, 10 mo, 1 ds. 22.19 
Balance due March 15,1897 . . . . . . . Ans. $401.86 4 
$ 1000. Burraro, N. Y., May 15, 1888. 


3. Two years after date I promise to pay to David Hudson, 
or order, one thousand dollars, with interest, for value received. 
Henry Burr. 
Indorsements: Sept. 20, 1889, $150.60; Oct. 25, 1891, 
$200.90; July 11, 1893, $75.20; Sept. 20, 1894, $112.10; 
Dee. 5, 1895, $105. How much was due May 20, 1896? 
$ 514.96. San Francisco, June 19, 1892. 
4. Three years after date we PEO mS to pay Ross & Wade, 
or order, five hundred fourteen and {86 dollars, for value 
received, with 10% interest. Wizper & Bro. 
Indorsements: Noy. 12, 1892, $105.50; March 20, 1894, 
$200; July 10, 1894, $75.60. How much is due at maturity? 
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$ 3000. Cuarveston, May 7, 1893. 
5. For value received, I promise to pay George Babcock 
three thousand dollars, on demand, with 7% interest. 
Jonn May. 


Indorsements: Sept. 10, 1893, $25; Jan. 1, 1894, $500; 
Oct. 25, 1894, $75; April 4, 1895, $1500. How much was 
due Feb. 20, 1896 ? 


$ 384%. Savannan, Ga., Sept. 4, 1892. 
6. Six months after date I promise to pay John Rogers, or 
order, three hundred eighty-four and ;%%, dollars, for value re- 


ived, with inter T%.- 
ceived, with interest at 7% Wim JENKINS. 


This note was settled Jan. 1, 1894, one payment of $ 126.50 
having been made Oct. 20, 1893. How much was due at the 
time of settlement ? 


$ 3475. New Orteans, March 6, 1889. 
7. On demand we promise to pay Evans & Hart, or order, 
three thousand four hundred seventy-five dollars, for value 


receiv’ ith inter 5H. 
received, with interest at 5% IDI ae 


Indorsements: June 1, 1889, $1247.60; Sept. 10, 1889, 
$1400. How much was due Jan. 31, 1890 ? 


$ 500. Priaverrntra, Feb. 1, 1893. 
8. For value received, I promise to pay J. B. Lippincott & Co., 

or order, five hundred dollars three months after date, with 

interest at 6%. James Monror. 


Indorsements: May 1, 1893, $40; Noy. 14, 1893, $8; 
April 1, 1894, $12; May 1, 1894, $30. How much was due 
Sept. 16, 1894 ? 


648. The following method of computation is often used by 
merchants in the settlement of notes and of interest accounts 
running a year or less: 
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Mercantite Rure.—I. Find the amount of the principal 
from the date of the note to the time of settlement. 

Il. Find the amount of each payment from the time it was 
made to the time of settlement. 

Ill. Subtract the sum of the amounts of the payments from the 
amount of the principal, and the remainder will be the sum due. 


Nortr.— An accurate application of this rule requires that exact interest be computed by 
the rule for days. (See § 629.) 2 

649. To compute partial payments by the Mercantile Rule. 

1. On a note for $600 at 7%, dated Ieb. 15, 1893, the 
following indorsements were made: March 25, 1893, $150; 
June 1, 1893, $75; Oct. 10,1895, $100. How much was due 


Dee. 31, 1893 ? 


OPERATION. 
Am’t of $600 from Feb. 15 to Dec. 31, 319 da., $636.71 
se 6 S150 ‘* Mar. 26 6 281 “§ «=9§ 158.08 
coat sib *6 June 1\* ae et 78.06 
“ $100 ‘ Oct. 10 se 82 “+ 101.57 337.71 
Balance due Dec. 31, 189, $299.00 Ans, 


2. A note for $950, dated Jan. 25, 1892, payable in 8 mo., 
at 7% interest, had the following indorsements: March 2, 1892, 
$ 225; May 5, 1892, $174.19; June 29, 1892, $ 187.50; Aug. 1, 
1892, $79.19. What was the balance due at the time of its 
maturity by the mercantile rule ? 

3. Payments were made on a debt of $1750, dated April 4, 
1891, as follows: May 10, 1891, $190; July 1, 1891, $230; 
Aug. 5, 1891, $645; Oct. 1, 1891, $372. What was due Dec. 
31, 1891, interest at 6%, by the mercantile rule ? ; 
$ 2000. Brooxiyrn, N.Y., Sept. 1, 1896. 

4. For value received, I promise to pay John Bartlett, or 
order, two thousand dollars, on demand, with interest annually 
at 6%. Haroitp WILLIAms. 


On this note were indorsed the following payments: Oct. 1, 
1895, $ 350; Nov. 1, 1895, $225; Feb. 1, 1896, $500; March 
1, 1896, $200; April 1, 1896, $50. How much was due on 
the note June 1, 1896, by the mercantile rule? 
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VerRMOoNT AND New Hampesurre Rvtes. 


650. The following is the rule for partial payments in 
Vermont: 


When the note or debt draws simple interest. 

“On notes, bills, or other similar obligations, payable on demand or 
at a specified time, with interest, when payments are made, such pay- 
ments shall be applied: first, to liquidate the interest accrued at the time 
of such payments; and second, to extinguish the principal.” (See U.S. 
Rule, § 645.) 

When the note or debt draws annual interest. 


‘“*When such obligations are payable on demand or at a specified time, 
with interest annually, the annual interest that remains unpaid shall bear 
simple interest from the time it becomes due to the time of final settle- 
ment; but if in any year, reckoning from the time such annual interest 
began to accrue, payments are made, the amount of such payments at 
the end of such year, with interest thereon from the time of payment, 
shall be applied: first, to liquidate the simple interest accrued from the 
unpaid annual interest; second, to liquidate the annual interests due; 
and, third, to extinguish the principal.” 


651. From this it will be seen that the United States Rule 
is followed unless the note states with interest annually. When 
the note specifies with interest annually, the following is the 
rule. 


Vermont Rute.—I. Compute annual interest upon the prin- 
cipal to the end of the first year in which any payments are made. 
_ IL. Compute interest upon the payment or payments made in 
any one year from the time they were severally made to the end of 
the year in which they were made. 

Ill. Apply the amount of such payment or payments: first, to 
discharge any interest that may have accrued upon the unpaid 
yearly interests; secondly, to discharge the yearly interests them- 
selves ; and, thirdly, toward extinguishing the principal. 

LV. Proceed in a similar manner with succeeding payments. 


Nortr, —In Vermont a month of any number of days is considered as yy of a year, anda 
day as s4 of a month; but in finding the tlme between two dates less than a month apart, 
the actual number of days must be counted. 
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652. The New Hampshire Rule is the same as that of 
Vermont with this additional provision : 

New Hamesuire Ruie.— Jf at the date of any payment, 
there is no interest due except what is accruing during the year, 


and the payment or payments do not exceed the interest due at 


the end of the year, deduct the payment or payments, without 
interest on the same. 

653. Although the United States Rule is now generally 
adopted in Connecticut, occasionally the old Connecticut 
Courts’ Rule is still used, which is as follows: 

Connecticut Ruir. — Compute the interest to the time of the 
first payment ; if that be one year or more from the time the inter- 
est commenced, add it to the principal, and deduct the payment 
from the sum total. 

If there be after payments made, compute the interest on the 
balance due to the time of the next payment, and then deduct the 
payment as above; and in like manner from one payment to 
another, till all the payments are absorbed, provided the time 
between one payment and another be one year or more. 

But if any payment be made before one year’s interest hath 
accrued, then compute the interest on the principal sum due on the 
obligation for one year, add it to the principal, and compute the 
interest on the sum paid, from the time it was paid, up to the end 
of the year; add it to the sum paid, and deduct that sum from 
the principal and interest added as above. 

If any payments be made of a less swm than the interest arisen 
at the time of such payment, no interest is to be computed but only 
on the principal sum for any period. 

654. To compute partial payments by the Vermont rule. 
$ 2000. Buruineron, Vr., May 10, 1890. 

1. For value received, I promise to pay David Camp, or 

eorder, two thousand dollars, on demand, with 6% interest 
annually. Ricuarp THomas. 

On this note were indorsed the following payments: March 
10, 1891, $800; May 10, 1893, $4; Sept. 10, 1894, $ 200; 
Nov. 10, 1894, $200. How much was due Jan. 10, 1895 ? 
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OPERATION. 


PAYMENTS. 
INTEREST 
Sine_e 
INTEREST, 
Prrncirar, 


> 


Principal, May 10, 1890. . . 

Simplo interest on principal to May 10, 1991 a yr: ) 

Amount of first payment (} 500 + int. for 2 mo.) . $808 

Balance of first payment left to apply against prin- 
cipal after paying interest ($808 — $ 120) 


3 


Principal, May 10, 1891... 
Stunple interest on principal to May 10, “1893 @ es ) 
Interest on yearly interest of prin, ($78.72) for 1 yr. 
Second payment . . . $4 
Balance of unpaid interest upon unpaid interest 

(# 4.72 — $4.00) AS 


Principal, May 10, 1893 . = 

Simple interest on principal to Jan. ‘0, 1995 (20 mo. 0.) 

Interest on yearly int. of prin. ($78.72) for § mo. 

Balance of unpaid simple interest 

Interest on unpaid simple int, Gf 157, 44) for 20 mo, 

Balance of interest on unpaid interest 5 

Total interest on unpaid interest . 2... 

Total unpaid simple interest . o> Ne 

Amount of 8d payment (#200 + Interest for 4m mo, J F204 

Amount of 4th payment ($ 200 + interest for2 mo.) 202 

Sum of paymonis. . $406 

Balance to apply against. principal after paying all 
interest ($406 —% 19.61 -—$ 288.64) 2... 

Amount due Jan, 10,1895. . . 2 1 we 


$1312 


$1312 


97.75 


$1214.25 
Ans. 


$ 600. Rotvanp, Vr., April 11, 1892. 

2. For value received, I promise to pay Amos Cushing, or 
order, six hundred dollars on demand, with interest annually 
at 6%. Joun Brown. 

Indorsements: Aug. 10, 1892, $156; Feb. 12, 1893, $200; 
June 1, 1894, $185. What was due Jan. 1, 1895? 

B 575. Keene, N. H., Aug. 4, 1894. 

3. Tor value received, I promise to pay George Cooper, or 
order, five hundred seventy-five dollars on demand, with interest 
annually at 6%. Davip GREEN. 

Indorsements: Noy. 4, 94, $64; Dee. 13, 95, $48; March 
16, 96, $ 248; Sept. 28, 96, $60. What was due Noy. 4, 96? 
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TRUE DISCOUNT. 


655. True Discount is an abatement or allowance made for 
the payment of a debt before it is due. 

656. The Present Worth of a debt, payable at a future time 
without interest, is such a swim as, being put at legal interest, 
will amount to the given debt when it becomes due. 


The True Discount is the difference between the whole debt and the 
present worth. It is the interest on the present worth of a debt from 
to-day to the time it matures. 


657. In True Discount we observe the following relations: 
I. The Present Worth corresponds to Principal. 

II. The Discount corresponds to Interest. 

II. The Debt corresponds to Amount. 


Examples. 
658. To find the present worth and true discount. 


1. What is the present worth and what the true discount of 
$ 642.12 to be paid 4 yr. 9 mo. 27 da. henee, money being 


worth 7% ? 
OPERATION. So.ution. — Since $ 1 is the pres- 
$ 1.383775, Amount of $1. ent worth of $1.33775 for the 


given time at the given rate of in- 


$ gee a L587 75 =$ 480 terest, the present worth of $ 642.12 

$ 642.12, Given Sum. must be as many dollars as 

480. Present Worth ha 1.83775 is contained times in 
ns. 


= , $642.12. Dividing, we obtain 
$162.12, True Discount $480 for the present worth, and 
subtracting this sum from the given sum, we have $162.12, the true dis- 
count. 

Ruxe.—I. Divide the given sum or debt by the amount of $1 
Jor the given rate and time; the quotient will be the present worth 
of the debt. 

Il. Subtract the present worth from the given swm or debt; the 
remainder will be the discount. 


Note. — When payments are to be made at different times without interest, find the 
present worth of each payment separately. ‘heir sum will be the present worth of the 
several payments, and this sum subtracted from the sum of the several payments will leave 
the total discount. 
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2. What is the present worth of a debt of $ 385.31, to be 
paid in 5 mo. 15 da., at 6% ? 

3. How much should be discounted for the present pay- 
ment of a note for $429.99, due in 1 yr. 6 mo. 1 da., money 
being worth 54% ? 

4. Aman bought a farm for $2964.12 ready money, and 
sold it again for $ 3665.20, payable in 1 yr.6 mo. How much 
would be gained in ready money, discounting at the rate of 
8% ? 

5. A man bought a mill with the option of paying $ 25000 
eash, or $ 12000 payable in 6 mo. and $ 15000 payable in 1 yr. 
3 mo. He accepted the latter offer. Did he gain or lose, 
and how much, money being worth to him 10% ? 

6. B bought a house and lot April 1, 1892, for which he 
was to pay $1470 on the fourth day of the following Septem- 
ber, and $2816.80 Jan. 1, 1893. If he could get a discount of 
10% for present payment, how much would he gain by borrow- 
ing the suin at 7%, and how much must he borrow ? 

7. What is the difference between the interest and the true 
discount of $576, due 1 yr. 4 mo. hence, at 6% ? 

8. A merchant holds two notes against a customer —one 
for $248.16, due May 6, 1893, and the other for $178.64, due 
Sept. 25, 1893. How much ready money would cancel both 
the notes Oct. 11, 1892, discounting at the rate of T% ? 

9. A speculator bought a quantity of cotton for $5270.40, 
on a credit of 9 months. He immediately sold the cotton for 
$ 6441.60 cash, and paid the debt at 8% discount. How much 
did he gain ? 

10. Which is the more advantageous, to buy flour at $4.25 
a barrel on 6 months, or at $ 4.50 a barrel on 9 months, money 
being worth 8% ? 

11. How much may be gained by borrowing money at 5% 
to pay off a debt of $6400, due § months hence, allowing the 
present worth of this debt to be reckoned by deducting 5% 
per annum discount ? 
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BANK DISCOUNT. 


659. A Bank is a corporation, chartered under the law, for the » 
purpose of receiving and loaning money and issuing bank bills. 

660. A Promissory Note is a written or printed obligation 
to pay a certain sum either on demand or at a specified 
time. 


661. A Check is a written order on a bank by a depositor 
for money standing to his credit. 


662. Bank Notes, or Bank Bills, are the notes made and 
issued by banks to circulate as money. ‘They are payable in 
specie at the banks. 


A bank which issues notes to circulate as money is called a Bank of 
Issue; one which lends money, a Bank of Discount ; aud one which takes 
charge of money belonging to other parties, a Bank of Deposit. Some 
banks perform two, and some all of these functions. National banks are 
organized under special legislation of Congress. ‘l'hey receive and lend 
money and issue notes which are received as money. ‘Their circulating 
notes are secured by U.S. bonds deposited with the government. 


663. The Maker of a note is the person by whom the note is 
signed. The Payee is the person to whose order the note is 
made payable. ‘The Holder is the owner or his agent. 


Form or Promissory Nore. 


S $500.00. NewYork, fuly /, 189 5, 


Two montha after date we promise to pay to 


the order of. William Byrd. 
sy eels Five hundred. (?, Doilars 
© 


at_-The ational Park Bank of ew Yo Kirnnnnr 
Value received. AMERICAN BOOK COMPANY 


By If. Lp Cintrore, 
No. /357. Due Sept. Ve Treasurer. 
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Form or Cueck. 


New York, fam. /, 189 5. No. 7056. 


THE NATIONAL PARK BANK OF NEW YoRK. 
Pay to the order of. Jamer Ball $50.75 


Silty ——~ fi) Dollar's. 


AMERICAN BOOK COMPANY, 
by It. F. Ontrore, 


Treasurer. 


664. A Negotiable Note is one which may be bought and sold, 
or negotiated. It is made payable to the bearer or to the order 
of the payee. : 


665. Indorsing a note by a payee or holder is the act of writ- 
ing his name on its back. 


Notes. — 1. Ifa note is payable to the bearer, it may be negotiated without indorsement. 

2. An indorsement makes the indorser liable for the payment of a note, if the maker fails 
to pay it when it is due. 

8. A note should contain the words ‘ value received,” and the sum for which {t is given 
should be written out in words. 


666. The Face of a note is the sum specified in the note. 


667. Days of Grace are the three days usually allowed by 
law for the payment of a note after the expiration of the time 
specified in the note. 


668. The Maturity of a note is the expiration of the term 
specified for its payment including the days of grace, where 
they are allowed. 


Nores.—1. No grace is allowed on notes payable ‘on demand,” without graco. In 
Alas., Cal., Colo., Conn., Dist. of Col, Flor., Ida., Ill, Me., Md., Mass., Mont., N. H, N.J., 
N. Y.,N.D., O., Ore., Pa., Utah, Vt., and Wis, days of grace have been recently abolished 
by statute. The maturity of such notes {s the expiration of the time mentioned in them, 

2. To indicate the maturity of a note or draft, an oblique line is used, with the day at 
which the note is nominally duc on the left, and the date of maturity on the right; thus, 
Jan. 7/1. 


ROB, NEW HIGHER AR. — 25 
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669. The Term of Discount is the time from the date of 
discount of a note to its maturity. Notes may contain a 
promise of interest, which will be reckoned from the date of 


the note, unless some other time is specified. 


Norr.—A note not paid at maturity draws interest from the day it is due, even though 
no mention is made of interest in the note, 


670. A Notary, or Notary Public, is an officer authorized by 
law to attest documents or writings to make them authentic. 

671. A Protest is a formal declaration in writing, made by 
a Notary Public, at the request of the holder of a note, notify- 
ing the maker and the indorsers of its non-payment. 


Note.—The failure to protest a note on the third day of grace roleases the indorsers 


from all obligation to pay it, except when the indorser has written above his signature the 
words “protest waived.”” Anindorser who writes “without recourse” above his signa- 
ture is not liable for payment under any circumstances. If the third day of grace or the 
maturity of a note occurs on Sunday or a legal holiday, in most places the note must be 


paid on the day previous; but the time of protest for non-payment varies by laws of 
different places. 


672. Bank Discount is the interest charged by a bank for the 
payment of a note before it becomes due. 


673. The Proceeds of a note is the sum received for it when 
discounted, and is equal to the face of the note less the discount. 


The transaction of borrowing money at banks is conducted in accord- 
ance with the following custom: The borrower presents a note, either 
made or indorsed by himself, payable at a specified time, and receives for 
it a sum equal to the face Zess the interest for the time the note has to 
run. The amount thus withheld by the bank is in consideration of 
advancing money on the note prior to its maturity. 


674. The law of custom at banks makes the bank discount 
of a note equal to the simple interest at the legal rate, for the 
ime specified in the note. As the bank always takes the 
interest at the time of discounting a note, bank discount is 
equal to simple interest paid in advance upon the sum due on a 
note at its maturity, or it is equal to simple interest plus the 
interest on the interest for the term of discount. 


Thus, the true discount of a note for $153, which matures in 4 mo. at 
6%, is $153 — 14300 — $3.00, and the bank discount is $153 x .02= $3.06. 
Since the interest of $3, the true discount, for 4 mo. is $3 x.02=$.06, 
we see that the bank discount of any sum for a given time exceeds the true 
discount, by the interest on the true discount for the same time. 
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675. Bank discount is computed on the fuce of a note that 
does not bear interest, but on the fuce plus the wmterest of a 
note that bears interest. 


676. In computations in bank discount, the Face (or Face 
plus interest) of the note corresponds to the Principal, the 
Bank Discount to the Interest, the Proceeds to the Difference, 
or Principal minus interest ; and Rate of Discount to the Rate 
of Interest. 

Examples. 

677. Given the face of a note, to find the bank discount and the 

proceeds. 


1. What are the proceeds and bank discount of a note for 
$ 2000, due in 2 mo. 15 da. at 6% ? 


OPERATION. 
Time = 2 mo. 18 da. 
$ .013 = Int. of $1 for 2 mo. 18 da. 
$ .013 x 2000 = $ 26, Bank Discount t tne 
$ 2000 — $26 = $ 1974, Proceeds 
So.ution. — The time + 3da.=2mo. 18da. The int. of $1 for2 mo. 
18 da. = $.013. The int. of $2000 = 2000 x $.018=$26, bank disc. 
The face of the note, $2000 — the bank disc., $26, = the proceeds, $1974. 
Rurr.—TI. Compute the interest on the face of the note for 
three days more than the specified time; the result will be the 
discount. 


II. Subtract the discount from the face of the note, and the 
remainder will be the proceeds. 


2. What is the bank discount, and what are the proceeds of 
a note for $1487 due in 30 days at 6%? 


3. What are the proceeds of a note for $ 384.50 at 90 days, 
if discounted at 6% ? 

4. Wishing to borrow $1000 of a Southern bank that is 
discounting paper at 8%, I give my note for $975, payable 
in 60 days. How much more will make up the required 
amount ? 
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Find the day of maturity, the term of discount, and the pro 
ceeds of the following notes: 


$ 1962,4,5,. Derroit, July 26, 1892. 
5. Four months after date I promise to pay to the order 
of James Gillis one thousand nine hundred sixty-two and #35 
dollars at the Exchange Bank, for value received. 
Joun Demarest. 
Discounted Aug. 26, at 6%. 
$ 1066455. Artanta, April 19, 1891. 
6. Ninety days after date we promise to pay to the order of 
King & Dodge one thousand sixty-six and +%;%; dollars at the 


Citizens’ Bank, for value received. 
Case & Sons. 
Discounted May 8, at 6%. 


$784,275. Monixe, June 20, 1893. 

7. Two months after date for value received I promise to 
pay George Thatcher or order seven hundred eighty-four and 4%; 
dollars at the Traders’ Bank. 

WitirAm Hamitton. 

Discounted July 5, at 8%. 

8. What is the difference between the true and the bank 
discount of $ 950, for 3 months at 7% ? 


678. Given the proceeds of a note, to find the face. 


1. For what sum must I draw my note at 4 months, interest 
6%, that the proceeds when discounted in bank shall be $750? 


So.utTion — We first ob- 
tain the proceeds of $1; 


OPERATION. ; 
1.0000 then, since $.9795 is the 
$1. j proceeds of $1, $750 is the 
.0205, Dise’t on $1 for 4mo.3 da. proceeds of as many dol- 
7. 7 lars as .9795 is contained 

$ ald i. times in $750. Dividing, 
$ 750 + .9795 = $ 765.696 Ans. we obtain the required re- 

sult. 


Ruxe.— Divide the proceeds by the proceeds of $1 for the 
time and rate mentioned ; the quotient will be the face of the note. 
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2. What is the face of a note at 60 days, the proceeds of 
which, when discounted at bank at 6%, are $1275? 

3. If a merchant wishes to draw $5000 at bank, for what 
sum must he give his note at 90 days, discounting at 6% ? 

4. The avails of a note having 3 months to run, dis- 
counted at a bank at 7%, were $276.84. What was the face 
of the note ? 

5. James T. Fisher buys a bill of merchandise at cash price, 
to the amount of $1486.90, and gives in payment his note at 4 
months at 74%. What must be the face of the note? 

6. Find the face of a 6 months’ note, the proceeds of which, 
discounted at 2% a month, are $ 496. 

7. For what sum must a note be drawn at 30 days, to net 
$ 1200 when discounted at 5% ? 

8. Owing aman $575, I give him a 60 day note. What 
should be the face of the note, to pay him the exact debt, if 
discounted at 14% a month ? 


679. Given the rate of bank discount, to find the correspond- 
ing rate of interest. 
1. A broker discounts 30 day notes at 8%. What rate of 
interest does his money earn him ? 
OPERATION, 
30 day notes = 33 days’ time. 
$100.00 Base. 
$ .73}, Discount for 33 days. 
$ 99.26%, Proceeds. 
Eneereet of $ 99.26% for 33 da. at 1% = $ .090944. 
$ .751 + F 090917 = 8 8885% Ans. 


oe — If we assume § 100 as the face of the note, the discount 
for 33 days at 8% will be $.73} and the proceeds $99.263. We then 
have $99.263 principal, $.73} interest, and 33 days’ time, to find the rate 
per cent per annum, which we do by § 632. 


Rute.—I. Find the discount and the proceeds of $1 or 
$100 for the time the note has to run. 

Il. Divide the discount by the interest of the proceeds at 1% 
for the same time. 
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2. What rate of interest is paid, when a note payable in 30 
days is discounted at 6% ? 

3. A note payable in 2 months is discounted at 2% a month. 
What rate of interest is paid ? 

4. When a note payable in 90 days is discounted at 1% a 
month, what rate of interest is paid ? 

5. What rate of interest corresponds to a 5, 6, 7, 10, 12% 
discount on a note running 10 months without grace ? 


680. Given the rate of interest, to find the corresponding rate 
of bank discount. 
1. A broker buys 60 day notes at such a discount that his 
money earns him 8% a year. What is his rate % of discount? 
: : OPERATION, 
60 da. + 3 da. = 63 da. 
$100, Base. 
1.40, Int. for 68 da. 
$101.40, Amount “ “ 
Int. of $ 101.40 for 63 da., at 1% =% .17745. 
$1.40+$.17745=T74321% Ans. 
So.urion. —If we assume $100 as the proceeds of a note, the interest 
for 63 days at 8% will be $1.40, and the amount or face of the note will 
be $101.40. We then have $101.40 the principal, $ 1.40 the interest, and 
63 days the time, to find the rate per cent, which we do by § 632, as in 
the last case. 
Rure.—I. Find the interest and the amount of $1 or $100 
for the time the note has to run. 
Il. Divide the interest by the interest on the amount at 1% 
Sor the same time. 


2. What rates of bank discount on 30 day notes correspond 
to a 5, 6, 7, 10% interest ? 

3. At what rate should a 3 months’ note be discounted te 
produce 8% interest ? 

4. At what rate must a note payable 18 months hence, 
without grace, be discounted to produce 7% interest ? 
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681. Savings Banks are institutions intended to receive in 
trust or on deposit small sums of money, generally the surplus 
earnings of laborers, and to return the same with a moderate 
interest at a future time. 


682. Money deposited on or before certain fixed dates draws 
interest from those dates. In some banks the interest term is 
6 months, in some 3 months, and in others 1 month, each be- 
ginning with the jirst day of the month. 

If the interest is not drawn when due, it is added to the 
principal and draws interest as a new deposit; hence we see 
that savings banks pay compound interest. 


683. A savings bank furnishes each depositor with a book, 
in which are recorded from time to time the sums deposited and 
the sums drawn out. The Dr. side of such an account shows 
the deposits, and the Cr. side the depositor’s checks or drafts. 


Savings banks usually allow interest only on such sums as have been on 
deposit for a yull interest term. Thus, if interest is paid semiannually 
and the times of payment are Jan. 1 and July 1, interest will be allowed 
only on money deposited on or before Jan. 1 and not withdrawn before 
July 1, or deposited before July 1 and not withdrawn before Jan. 1. If 
interest is payable quarterly, the sum must be on deposit for three full 
months from the date of interest payment, if payable monthly for 1 
month, etc. ‘The interest term of most banks is 3 months. 


Mores. —1. The smallest balance on deposit any time during the term is considered the 
smallest balance on deposit during the whole term. 

2. An exception to the general rule occurs in the practice of some of the savings 
* banks of New York City. In these, the interost term {s 6 months, and the depositor is al- 
lowed not only the full term’s interest on the smallest balance, but a half term's interest on 
any deposit, or portion of a deposit mado during tho first 3 months of the term, and not 
draton out during any subsequent part of the term. 

3. In some banks money deposited previous to the Ist day of any month draws interest 
from that date to the day of declaring interest dividends, provided it has not been previ- 
ously withdrawn. 

4. No interest is allowed on fractional parts of a dollar. 

5. Usually a depositor may withdraw any portion of his money whenever he chooses, 
but some banks require a week's notice, 


Prinocipir. — Interest is added at the end of each interest term 
on the smallest balance on deposit during the entire term. 
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Examples. 


684. To find the interest or balances due from savings banks. 


1. Find the balance due July 1, 1895, on the following 
account, interest being allowed quarterly at 4% per annum. 


Dates. Deposits. || Sums drawn out. Interest, Daily Balances, 
1894. 
Dec. 31 $150 | 00 150 | 00 
1895. 
Jan, 15 59 | 00 100 | 00 
Feb. 3 35 | 00 135 | 60 
Feb. 27 15 | 00 120 | 00 
Mar. 29 20 | 50 140 | 50 
April 1 1 | 00 141 | 50 
April 10 43 | 00 154 | Ww 
April 19 45 | 00 139 | 
May 15 26 | 25 165 | 7% 
July 1 50 | 00 1 | 39 217 | 14 


So.ution. —The interest is added to the daily balance, each quarter on 
the smallest balance on deposit during the quarter. ‘The smallest balance 
on deposit during the first quarter is $100, and the interest due on this on 
April 1 (4% for lyr. =1% for 3 months) is $1. Adding this interese 
to $140, the balance for April 1 is $141. The smallest balance during 
the second quarter is $139.50, and as no interest is allowed on a frac 
tional part of a dollar, the interest on $139 is $1.39. Adding this interest 
and the deposit for July 1, the balance on hand July 1 is $217.14. 


Rute. — Add to the balance on hand at the beginning of each 
interest term the interest on the smallest balance on hand during 


the preceding term. 


2. What will be due April 20, 1896, on the following account, 
interest being allowed quarterly at 4% per annum, the terms 
commencing Jan. 1, April 1, July 1, and Oct. 1? 


Dr. Savines Bank, in account with James TAYLonr. Cr. 
1895. 1895, 

Jan. 12 $ 75 March 5 $30 

May 10 150 Aug. 16 50 

Sept. 1 20 Dec. 1 48 
1896. 

Feb. 16 180 
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Nore. — In the following examples the terms commence with the year, or on Jan. 1. 

8. Allowing interest monthly at 4% per annum, what sum 
will be due Sept. 1, 1896, on the book of a bank having the 
following entries ? 


Dr. Bay Srate Savines Instirurion, in account with Jane Lapp. Cr. 


1896. 1896, 
Jan. 3 To Cash, 5] 7 |) Jan. 28 By Check, 5 | 00 
= 8 ee net 18 | 45 Feb, 7 , < 8 | 48 
oo 20 Yea ee! 7 | 60 March 20 Cee 10 | 00 
Feb. 20 ba! 16 | 45 April 11 Hines 12) 76 
aS 27 sf $ | 40 June 38 pamiee 8] 96 
March 6 ‘3 14 | 65 a ate ee 10 | 48 
ae 29 . 7 | 98 - 20 “* Draft, 17 | 48 
April 25 Ge 8 | 49 |) Aug. 17 “ Check, 5 | 6s 
May 7 oe 26 | 50 

hs 80 re 45 | 79 
July 28 se 15 | 6S 
Aug. 3 18 | 45 

we 26 4 | 50 


4. Interest being allowed quarterly, at 4%, how much was 
due April 4, 1596, on the following savings hank account? 


Dr. Derrory Savines Insrirution, in account with R. L. Seven. Cr. 


1895. 1895. 
Feb. 1 To Cash, AT | 5 May 12 By Check, 50 | 36 
March 12 oi 124 | 36 Oct. 3 & es 25 | 76 
June 20 Pi ais 130 | 56 Nov. 16 emt 36 | 48 
AT 8 oe ee 63 | 75 Dec. 28 ety 12) 0 
896. 
Jan, 25 ls! 160 | 80 


5. How much was due Dec. 10, 1895, on the following 
account, allowing interest semiannually, at 4% per annum ? 


Dr. Inrvincs Savrnes Institution, in account with James Taytor. Cr. 
esas 


1894. 1894. 
Juno 4 To Cash, 175 Sept. 14 By Check, 65 
Noy. 1 aS te 150 1895. 

1895. duly 25 as 120 
Fob. 24 “ Draft, 200 Dec. 8 see so 
Sept. 10 ** Check, 56 


6. With interest quarterly at 4%, how much was due July 1, 
1895, on a book having the following entries ? 


Dr. Sixrenny Savines Bank, in account with Wituiam Gattup, Cr. 
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EXCHANGE. 


685. If a man wishes to make a remittance to a creditor, 
agent, or any other person residing at a distance, instead of 
transporting specie, which is attended with expense and risk, 
or sending bank notes, which are liable to be uncurrent at a 
distance from the banks that issue them, he remits a Dill of 
exchange, purchased at a bank or elsewhere, and made payable 
to the proper persor in or near the place where he resides. 

Thus a man by paying Boston funds in Boston, may put 
New York funds into the hands of his New York agent. 

686. Exchange is a method of remitting money from one 
place to another, or of making payments by written orders, 
without transmitting money. 

687. A Bill of Exchange is a written request or order upon 
one person to pay a certain sum to another person, or to his 
order, at a specified time. 

688. A Sight Draft or Bill is one requiring payment to be 
made “at sight,” which means, at the time of its presentation 
to the person ordered to pay. In Time Drafts the time specified 
is usually a certain number of days “after sight.” 


Stent Drart. 
AMERICAN BOOK COMPANY. 
$200. New York, Sept. /, 189 5. 
AT SIGHT pay to the order of Qwraselver 


Iwo hundred ~ {Dollars 


NO PROTEST. 


Value received and charge to acct. ap 


To G. @. Bolan, AMERICAN BOOK COMPANY, 
By /f. F. Omtbacee, 


| 
{ 
r 
. | Treasurer. 
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Nore. — Other drafts have the same form as the above, except that instead of the words 
“at sight,” ‘ days after sight”? or “ days after date’? are used. When the 
time is after sight, it means after acceptance. 
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689. There are always three parties to a transaction in ex- 
change, and usually four: 


The Drawer or Maker is the person who signs the order or bill. 

The Drawee is the person to whom the order is addressed. 

The Payee is the person to whom the money is ordered to be paid. 

‘The Buyer or Remitter is the person who purchases the bill. He may 
be himself the payee, or the bill may be drawn in favor of any other person. 

‘The Indorsement of a bill is the writing upon its back, by which the payee 
transfers the payment to another. The payee may indorse in blank by 
writing his name only, which makes the bill transferable like a bank note ; 
or he may accompany his signature by a special order to pay to another 
person, who in his turn may transfer the title in like manner. Indorsers 
become separately liable for the amount of the bill, in case the drawee 
fails to make payment, but each indorser has recourse upon the drawer 
or maker of the note. A bill made payable to the bearer is transferable 
without indorsement. 


Norr. — On the back of the draft on p. 394 there might be one or more indorsements, 
as follows: ‘‘ Pay to the order of the National Park Bank, for collection for account of 
American Book Co.’’; ** Pay to the order of the First National Bank, B’klyn, for collection 
for account of National Park Bank, N.Y.’’; “ First National Bank, B’klyn, N.Y. Paid.” 


690. The Acceptance of a bill is the promise which the 
drawee makes when the bill is presented to him to pay it at 
maturity; this obligation is usually acknowledged by writing 
the word “ Accepted,” with his signature and date across the 
face of the bill. The draft is then called an acceptance and 
may be negotiated like a promissory note. 


Norrs. —1. In this country and in Great Britain, three days of grace are allowed for 
the payment of a bill of exchange, after the time specified has expired. In regard to grace 
on sight drafts, however, custom is variable; in New York, and some other states, no 
grace is allowed on sight bills. 


2. When a billis protested for non-acceptance, the drawer is liable to pay it immedl- 
ately, even though the specified time has not expired. 


691. The Face of a bill of exchange is the sum ordered to 
be paid; it is usually expressed in the currency of the place on 
which the draft is made. 


692. The Rate of Exchange is the current price paid in one 
place for bills of exchange on another place. This price 
varies, according to the relative conditions of trade and com- 
mercial credit at the two places between which exchange is 
made. Thus, if Boston is largely indebted to Paris, bills of 
exchange on Paris will bear a high price in Boston, and will 


som 


. 2 
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be at a premium, whereas bills of exchange on Boston will 
bear a low price in Paris, or be at a discount. Such premiums 
or discounts are reckoned at a certain per cent on the face of 
the bill. 

When the rate of exchange between two places is unfavor- 
able to drawing or remitting, the disadvantage is sometimes 
avoided, by means of a circuitous exchange on intermediate 
places between which the rate is advantageous. 


693. Direct Exchange is confined to the two places between 
which the money is to be remitted. 

694. There are always two methods of transmitting money 
between two places. Thus, if A is to receive money from B, 


1st. A may draw on B, and sell the draft ; 
2d. B may remit a draft, made in favor of A. 


Nore. —One person is said to draw on another person, when he {s the maker of s 
draft addressed to that person. 


695. In computations in Exchange the Pace of a draft corre- 
sponds to the Base, the Premium or Discount to the Percentage, 
the Cost of the draft to the Amount or Difference. 

Exchange is of two kinds, — Domestic and Foreign. 


Domestic EXcHANGE. 


696. Domestic or Inland Exchange relates to remittances 
made between different places of the same country. 

Norn. — An inland bill of exchange is commonly called a draft. 

697. The rate of exchange for inland bills, or drafts, is 
always expressed by the rate of premium or discount. Drafts 
on time, however, are subject to bank discount, like promissory 
notes, for the term of credit given. Hence, their cost is affected 
by both the rate of exchange and the discownt for time. 

Princieres.—I. The rate of exchange on a sight draft is 
100% plus the per cent of premium or minus the per cent of dis- 
count. 

Il. The rate of exchange on a time draft is the rate on a sight 
draft less the per cent of bank discount. 
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Examples. 


698. To compute domestic exchange. 
$ 500. Syracuse, May 7, 1896. 
1. At sight, pay to James Clark, or order, five hundred dol- 


lars, value received, and charge the same to our account. 
M. Sarre & Co. 
To Messrs. Brown & macs 
Baltimore, Md, 
What is the cost of the above draft, the rate of exchange 
being 14% premium? 
OPERATION, So.ution,—Since exchange is 


K 115 = $ 507.5 _ at 1)% premium, each dollar of 
$500 x 1.015 3 507.50 Ans the draft will cost $ 1.015; and to 


find the whole cost of the draft, we multiply its face, $500, by 1.015, and 
obtain $607.50, the required result. 


$ 600. Cincinnati, June 12, 1896. 

2. Sixty days after sight, pay to William Barnard, or order, 
six hundred dollars, value received, and charge the same to 
our, account, Thomas Bauer & Co. 
To First Nat. Bank, Montgomery, Ala. 

What will be the cost of the above draft, exchange on 
Montgomery being in Cincinnati at 23% premium? 

OPERATION, 
$1 + $ .0225 = $1.0225, Rate of Exchange. 
.0105, Bank Discount of $1 (63 da.). 
$ 1.012, Cost of Exchange for $1. 
$600 x 1.012 = $ 607.20 Ans. 

Sortution. — From $ 1.0225, the rate of exchange, we subtract $.0105, 
the bank discount of $1 for the specified time, and obtain $1.012, the 
cost of exchange for $1; then $600 x 1.012 = $607.20, the cost of ex- 
change for $ 600. 

3. A commission merchant in Detroit wishes to remit to his 
employer in St. Louis $512.36 by draft at 60 days. What is 
the face of the draft which he can purchase with this sum, 
exchange being at 24% discount ? 
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OPERATION. 
$1—$.025=$.975, Rate of Exchange. 
.0105, Discount of $1. 
$.9645, Cost of Exchange for $1. 
$ 512.386 + .9645 = $ 531.218 Ans. 

Sotution. —I'rom $.975, the rate of exchange, we subtract $.0105, 
the bank discount of $1 for the specified time, at the legal rate in Detroit, 
6%, and obtain $ .9615, the cost of exchange for $1; and the face of the 
draft that will cost $512.36, will be as many dollars as .9645 is contained 
times in $512.36, which is $531.218. 

Ruite.—I. To find the cost of a draft, the face being given. 
— Multiply the face of the draft by the cost ef exchange for $1. 

Il. To find the face of a draft, the cost being given. — 
Divide the given cost by the cost of exchange for > 1. 

4. What must be paid in New York for a draft on Boston, 
at 30 days, for $5400, exchange being at 3% premium ? 

5. What is the cost of sight exchange on New Orleans, for 
$ 3000,.at 31% discount ? 

6. What must be paid in Philadelphia for a draft on An- 
napolis drawn at 90 days, for $4800, the rate of exchange 
being 10124 ? 

7, A sight draft was purchased for $550.62, exchange 
being at a premium of 33%. What was the face? 

s, An agent in Syracuse, N. Y., having $1324.74 due his 
employer in New York, is instructed to remit the same by a 
draft drawn at 30 days. What will be the face of the draft, 
exchange being at 17% premium ? 

9. My agent in Charleston, 8.C., sells a house and lot for 
$7500, on commission of 14%, and remits to me the proceeds 
in a draft purchased at 1% premium. What sum do I receive? 

10. A man in Hartford, Conn., has $4800 due him in Balti- 
more. How much more will he realize by making a draft for 
this sum on Baltimore and selling it at 4% discount, than by 
having a draft on Hartford remitted to him, purchased in Bal- 
timore for this sum at $% premium ? 


itiedineteeneeth ih inate eernetteeeeeeen ene 
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11. The Merchants’ Bank of New York having declared a 
dividend of 61%, a stockholder in Cincinnati drew on the bank 
for the sum due him, and sold the draft at a premium of 13%, 
thus realizing $508.75 from his dividend. How many shares 
did he own? 


Forretcn EXxcHanGe. 


699. Foreign Exchange relates to remittances made between 
different countries. 

The drafts or bills of exchange are expressed in the money of the coun- 
try in which they are made payable. 

700. A Set of Exchange is a bill drawn in triplicate, named 
First, Seconp, and ‘Turrp of exchange, each copy being valid 
until the amount of the bill is paid. These copies are sent by 
different mails, to provide against miscarriage. When one 1s 
paid, the others are void. ; 


SEL OF EXCHANGE. 
£700. New York, Feb. 1, 1896. 

At sight of this First of Exchange (Second and Third of 
the same tenor and date unpaid), pay to the order of Samuel 
Monmouth, Seven Jundred Pounds Sterling, for value received, 
and charge the same to the account of | H. B. CLhariin Co. 
To Rosrxs, Barcray & ery 

London, England. 


This is the form of the first bill; the second requires only the change 
of ‘First’? into ‘* Second,’ and of ‘“*Second and Third of the same 
tenor,’ etc., into ** First and Third”; the third bill varies similarly. 


701. The Par of Exchange is the estimated value of the coins 
of one country as compared with those of another, and is either 
intrinsic or commercial. (See pp. 204 and 205.) 

The Intrinsic Par of Exchange is the comparative value of the coins of 
different countries, as determined by their weight and purity. 


The Commercial Par of Exchange is the comparative value of the coins 
of different countries, as determined by their nominal or market price. 


‘ 
Nore. —The intrinsic par 1s always the same while the coins remain unchanged ; but the 
commercial par, being determined by commercial usage, {s Huctuating. 
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702. Sterling Bills, or Sterling Exchange, are bills on Eng- 
land, Ireland, or Scotland, or any of the British colonies. Such 
bills are negotiated at a rate fixed without reference to the par 
of exchange. 


703. Exchanges with Europe are effected chiefly through the 
following prominent financial circles: London, Paris, Antwerp, 
Amsterdam, Hamburg, Frankfort, Bremen, Berlin, Geneva, etc. 


The rate of exchange varies with the amount of business and the direc- 
tion of money remittances. In computing exchange, it is the custom in 
some cases to state the value of the United States monetary unit in units 
and fractions of a unit of foreign currency, and in other cases to express 
the value of the foreign monetary unit in dollars and fractions of a dollar 
United States money. 

Thus, quotations of exchange on London give the value of £7 sterling 
in dollars and cents; on Paris, Antwerp, and Geneva, the value of $7 in 
francs ; on Hamburg, Frankfort, and Berlin, the value of 4 reichsmarks, 
or marks in cents; on Amsterdam, the value of 7 guilder or jlorin in cents. 


Nore. — Foreign bills of exchange are usually drawn “at sight"? or ‘60 days after sight,” 
The former are known as short bills and the latter as long bills, 


704. The following table shows the manner in which quota- 
tions of foreign exchange are made in this country. 
7 


Lone Binns, Sicnr Drarrts, 
Bteringeewrciis chs)» » 4.08} 4.89} 
rancs! f= vs ss + « « 5.165 5.158 
Reichsmarks . . .. . . Q%5y-95} 95,'; 
Guilders. . .... =. . <40}-40/; 40 7, 
Examples. 


705. To find the cost of a foreign bill of exchange. 

1. Find the cost in New York of the following bill on 
London, at 3 da. sight, exchange quoted at 4.87}: 
£500. New York, April 1, 1896. 

At sight of this First of Exchange (Second and Third un- 
paid), pay to the order of John Walker & Co., Five Hundred 
Pounds sterling, value received, and charge the same to the 
account of Brown Brorurrs & Co. 


To Brown, Suietey & Co.,) 
London, England. ( 
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OPERATION, 
$ 4.875 x 500 = § 2437.50 Ans. 
So.urion. —Since £1 costs $4,875, £500 will cost 500 times $4.875 
which is $2437.50. 
2. Find the cost of a bill on Paris for 495 franes, at 5.15. 
OPERATION, 
495 + 5.15 = $96.12 Ans. 


So.urion. —Since 6.15 franes cost $1, 495 francs will cost as many 
dollars as 5.15 franes are contained times in 495 francs, or $96.12. 


3. Find the cost of a bill of exchange on Berlin for 1750 
seichsmarks, quoted at 961. 
OPERATION, 
$ .9625 + 4 x 1750 = $421.09 Ans. 


Sotution. —Since $.9625 is the value of 4 reichsmarks, the value of 


lreichsmark is | of $.9625, and the value of 1750 reichsmarks is 1750 


times the quotient, which is $421.09. 

4. Find the cost of a bill of exchange on Amsterdam, for 
2000 guilders, quoted at 404. 

OPERATION, 
$401 x 2000 = $805 Ans. 

Soturion. — Since 1 guilder costs $.401, 2000 guilders will cost 2000 
times $.40! which is $805. 

Rue. — Multiply the face of the bill of exchange by the value 
of the foreign monetary unit in United States money. Or, 

Divide the jace of the bill of exchange by the value of $1 in 
the foreign monetary unit expressed decimally. 

5. Find the cost of a bill on Liverpool for £600 1és., at 
$4.86}. 

6. Find the cost of a bill on Geneva, Switzerland, for 5460 
franes, at 5.214. 

7. Wind the cost of a bill on Hamburg for 2560 reichsmarks, 
at 958. 

8. Find the cost of a bill on Paris for 2400 franes at 5.16? 


ROB, NEW HIGHER AR. — 26 
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9. What is the cost in Portland of a bill on Manchester, 
England, for £325 3s. 9d., when sterling exchange is selling 
at 4.89}? 

10. What must be paid in Charleston for a bill of exchange 
on Paris for 6000 francs, exchange being at 5.31 ? 

11. What is the cost in Boston of a bill on St. Petersburg 
for 3000 rubles, at $.772; brokerage +% ? 

12. What will be the cost in Boston of the following bill of 
exchange on Liverpool, exchange being at 4.87} ? 


£432. 30sTon, June 16, 1893. 


Atsight of this First of Exchange (Second and Third of same 
tenor and date unpaid), pay to the order of J. Simmons, Bos- 
ton, Four Hundred Thirty-two Pounds, value received, and 
charge the same to account of James Lowe, & Co. 
To Ricnarp Evans & Son, \ 

Liverpool, England. 

13. A merchant in Cincinnati has 9087}, guilders due him 
in Amsterdam, and requests the remittance by draft. What 
sum will he receive, exchange on U.S. in Amsterdam selling 
at 2.41 guilders for $1? 

706. To find the face of a bill of exchange. 

1. What will be the face of a bill on London, that can be 
bought in New York for $5488.26, exchange being quoted at 
4.85 ? : 

t OPERATION, 
$5488.26 + $4.85 = 1131.6, or £1131.6 = £1131 12s. Ans. 

Sorvrion. —Since £1 = $4.85, $5488.26 will equal as many pounds as 
$4.85 is contained times in $ 5488.26, which is 1131.6 times, or £ 1131.6 = 
£1181 12s. 

2. What will be the face of a bill on Paris, ee for 
$325, exchange at 5.17 ? 


OPERATION. 
Buy francs 32) = POLUNON: —Since $1 = 5.17 franes, $325 


= 825 x 5.17 francs, = 1680.25 francs. 
1680.25 francs Ans. : 
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3. What will be the face of a bill on Hamburg, bought for 
$4000, exchange being quoted at 96 ? 


OPERATION, 
$ .96 +4 = $.24. 
$ 4000 + $ .24 = 166662 reichsmarks Ans. 

Sorution. — Since 4 reiclismarks = $.96, 1 reichsmark = } of $.06 = 
$.24, and $4000 = as many reichsmarks as $.24 is contained times in 
$4000 = 166665 times, or 166663 reichsmarks. 

Ruux. — Divide the cost of exchange by the value of the foreign 
monetary unit in United States money. Or, 

Multiply the cost of exchange by the value of $1 in the foreign 
monetary unit expressed decimally. 

4. Tind the face of a bill on Manchester, England, bought 
for $ 7500, exchange at 4.86. 

5. Find the face of a bill on Frankfort, bought for $ 395.75, 
exchange at 95}. 

6. Find the face of a bill on Geneva, Switzerland, bought 
for $4856, exchange at 5.221. 

7. Find the face of a bill on Amsterdam, bought for 
$ 3750.67, exchange at 424. 

8. Find the face of a bill on Berlin, bought for $4000, 
exchange being 93}. 

9. Find the face of a bill on Liverpool, bought for $9720, 
exchange being quoted at 4.86. 

10. What is the face of a bill on London, that may be pur- 
chased in New York for $ 277.42, exchange being quoted at 
4.85 ? 

11. What is the face of a bill on Hamburg, bought in New 
Orleans fot $ 4500, exchange being at 95? 


12.- An agent in Boston having $7536.30 due his employer 
in England, is directed to remit by a bill on Liverpool. What 
is the face of the bill which he can purchase for this money, 
exchange selling at 4.91}? 


—————_EEE 
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13. A trader in London wishes to invest £2500 in mer- 
chandise in Lisbon. If he remits to his correspondent at Lis 
bon a bill purchased for this sum, at the rate of 4.51 milreis 
to the pound sterling, what sum in the currency of Portugal 
will the agent receive ? 

14. A draft on Dublin for £360 cost $1751.94. What 
was the rate of exchange ? ; 

15. A merchant in Baltimore having received an importa 
tion from Madeira, invoiced at 1500 milreis (1 milreis = 1000 
reis), allows his correspondent in Madeira to draw on him for 
the sum necessary to cover the cost, exchange on the United 
States being in Madeira 9314 reis to the dollar. How much 
would the merchant have saved by remitting a draft on Ma- 
deira, purchased at $1.065 per milreis ? 

16. What is the rate of exchange on Bevlin when $ 213.50 
is paid for 890 marks ? 


ARBITRATION OF EXCHANGE. 


707. Arbitration of Exchange is the process of computing 
exchange between two places by means of one or more inter- 
mediate exchanges. 


Nores.—1. When there is only one intermediate exchange, the process Is called simple 
arbitration ; when there are two or more intermediate exchanges, the process is called 
compound arbitration. 

2. The arbitrated price is generally either greater or less than the price of direct 
exchanges; and the object of arbitration is to ascertain the best route for making drafts or 
remittances. 


708. There are always three methods of receiving money 
from a place, or of transmitting money to a place, by means of 
‘ndirect exchange through one intervening place. ‘Thus, 


If A is to receive money from C through B: 


1st. A may draw on B, and B draw on C; 
2d. A may draw on B, and C remit to B; 
8d. B may draw on C, and remit to A. 
If A is to transmit money to C through B: ; 
1st. A may remit to B, and B remit to C; 
2d. A may remit to B, and C draw on B; 
3d. B may draw on A, and remit to C. 
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Examples. 
709. To compute indirect exchange. 


1. A man in Albany, N. Y., paid a demand in Paris of 
5400 frances, by remitting to Amsterdam at the rate of $414 
per guilder, and thence to Paris at the rate of 2.15 franes per 
guilder. How much United States money was required ? 


So.ution. — We are to deter- 


OPERATION, . ~, 
mine how much United States 


$? = 5400 franes. money is equal to 5400 francs, 

215 francs = 1 guilder. and to do this we must first find 

1 guilder = $ 41}. how many guilders there are in 

> 5400 francs. Now, since 2.15 

083 francs=1 guilder, 5400 divided 

AlS = by 2.15 will give the number of 

a = $1042.32 Ans. — guilders; and that quotient multi- 
2. 


43 plied by $.415 (the value of one 

s guilder), will give the number of 
dollars. Henee, 5100 and .415 are multipliers and 2.15 is a divisor. The 
units of currency being canceled and the work being abridged also by 
canceling cormmon factors, we have $ 1042.82 +, the required sum. 


2. A resident of Naples, having a bequest of $8720 made 
him in Boston, orders the remittance to be made to his agent 
in London, who remits the proceeds to Naples, reserving his 
commission of }% on the draft sent. If exchange on London 
is quoted at $4.875 in Boston, and the rate between London 
and Naples is 25.53 lire to the pound sterling, how much does 
the man realize from his bequest ? 


OPERATION. Sotrtion.— We make the 

? lire = $ 8720. statement as in the first example, 
$4875 = £1 according to the given rates of 

£1 bimaey 53 lir exchange. ‘Then since the agent 
ee GH tS) is to deduct }% commission on 

1.005 =1 the face of the draft before the 

é purchase, the number of pounds 

312) x OF an must be divided by 1.005 (§ 586, 
ESTE pg = 45438.77 lire Ans. Tl). We place 1.005 on the 
875 X LOOP left as a divisor and obtain by 
201 cancellation, multiplication, and 

O67 division, 45438.77 lire as the pra- 


ceeds of the exchange. 


| 
} 
} 
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3. A merchant in Chicago directs his agent in Albany to 
draw upon Baltimore at 1% discount, for $1200 due from the 
sales of produce; he then draws upon the Albany agent, at 2% 
premium, for the proceeds, after allowing the agent to reserve 
4% for his commission. What sum does the merchant realize 
from his produce ? 


OPERATION, Soturion. — Accord. 

2 G=1200 B. ing to the given rates of 

= c exchange, 100 dollars in 

a A = Ae - Baltimore equal 99 dol- 

= as lars in Albany ; and 100 

1=.995 dollars in Albany equal 

3 .199 102 dollars in Chicago ; 
2x. = and since the unit of 

PoP 102 998 $1205.70 Ans. currency is the same in 
199 x 190 each place, being $1, we 
25 represent its exchange 

5 value in each town by 


the initial letter, and make the statement as in the other examples. Then, 
since the agent is to reserve } 4% commission from the avails of his draft, 
we place 1 — .005 = .995, § 536, on the right as a multiplier, and obtain 
by cancellation $ 1205.70. ' 


Rurz.—I. Represent the required sum by (?), with the proper 
unit of currency affixed, and place it equal to the given sum on 
the right. 


Il. Arrange the given rates of exchange so that in any two 
consecutive equations the same unit of currency shall stand on 
opposite sides. 


Ill. When there is commission for drawing, place 1 minus the 
rate on the left if the cost of exchange is required, and on the right 
if proceeds are required; and when there is commission for remit- 
ting, place 1 plus the rate on the right if cost is required, and on 
the left if proceeds are required. 


IV. Divide the product of the numbers on the right by the 
product of the numbers on the left, canceling equal factors; the 
result will be the answer. 


Nores. —1. Commission for drawing is commission on the save of a draft ; commission 
Sor remitting is commission on the purchase price of a draft. 
9. The above method is sometimes called the chain rule, or conjoined proportion. 
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4. When exchange at New York on Paris ‘s 5 francs 16 cen- 
times per $1, and at Paris on Hamburg 1.23 franes per mark, 
what will be the arbitrated price in New York of 7680 marks 
on Hamburg ? 


5. A man in Philadelphia wishes to deposit $5000 in a 
bank at Stockholm, by remitting to Liverpool and thence to 
Stockholm. If the rate of exchange on Liverpool is 4.91 in 
Philadelphia, and the rate between Liverpool and Stockholm 
is 18} crowns to £1, how much money will the man have in 
bank at Stockholm, allowing the agent at Liverpool 4% for 
remitting ? 

6. A man in Cleveland wishes to draw on New Orleans for 
a bank stock dividend of $750, and exchange direct on New 
Orleans is 1}-% discount. How much will he save by drawing 
on his agent in New York at 14% premium, allowing his agent 
to draw on New Orleans at 1% discount, brokerage at 1% ? 


7. A man in Boston drew on Amsterdam for 6000 guilders 
at $.415 per guilder. How much more would he have received 
if he had ordered remittance to London, and thence to New 
York, exchange at Amsterdam on London being 11.19 guilders 
per £1, and at London on New York 4.88, brokerage at 11% 
in London for remitting ? 


8. If at Philadelphia exchange on Liverpool is 4.894, and 
at Liverpool on Paris 24 francs 96} centimes per £1, what is 
the arbitrated rate of exchange between Philadelphia and 
Paris, through Liverpool ? 

9. An American resident of Amsterdam wishing to obtain 
funds from the United States to the amount of $ 6400, directs 
his agent in London to draw on the United States and remit 
the proceeds to him in a draft on Amsterdam, exchange on the 
United States being at 4.85 in London, and the rate between 
London and Amsterdam ‘being 18d. per guilder. If the agent 
charges commission .at 4% both for drawing and remitting, 
how much better is this arbitration than to draw Girecty: on 
the United States at 41 cents per guilder ? 
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AVERAGE OR EQUATION OF PAYMENTS. 


710. Equation of Payments is the process of finding the 
time when two or more debts due at different times may be 
paid at once, without loss to either debtor or creditor. 


711. The Term of Credit is the time that must elapse before 
a debt becomes due. 


712. The Average Term of Credit is the time that must elapse 
before several debts, due at different times, may all be paid at 
once, without loss to debtor or creditor. 


718. The Equated Time is the date at which the several 
debts may be canceled by one payment. 


714. To Average an Account is to find the mean or equitable 
time of payment of the balance. 


715. A Focal Date isa date with which all the others are 
compared in averaging an account. 

Nores. —1. Any date may be taken as a focal date, but it is usual to take either the 
earliest or latest date at which any of the debts become due as the standard, 

2. Each item of a book account draws interest from the time it is due, which may be 
either at the date of the transaction, or after a specified term of credit. 

716. In averaging, there are two kinds of equations, Simple 
and Compound. 


A Simple Equation is the process of finding the average time when the 
account contains only one side, which may be either a debit or credit 
side. 

A Compound Equation is the process of averaging when both debts 
and credits are to be considered. 


717. The computations are based on the following principles: 

Princietes. —I. Any debt is subject to legal interest from the 
time it is due. 

Il. The interest of a sum for a given time equals the interest 
of twice the sum for half the time, ete. 

II. The payment of a sum before it is due is offset by keeping 
an equal sum an equal time after it is due. 
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Examples. 


718. To find the equated time when all the terms of credit 
begin at the same date. 


1. In settling with a creditor on the first day of April, L 
find that I owe him $12 due in 5 months, $15 due in 2 months, 
and $18 due in 10 months. At what time may I pay the 
vhole amount ? 


OPERATION. So.rution,—The 
$12x 5= 60 whole amount to be 
1bx 2—= 30 paid, as is seen in the 

3 Smee operation, is $45; and 
18 x 10 = 180 we are to find how long 
$45 270 it shall be withheld, or 


E ., What term of credit it 
270 + 45 = 6 mo., average time of credit, shall have, as an equiv- 
April 1, + 6 mo. = Oct. 1 Ans. alent for the various 
terms of credit on the 
different items. Now the value of credit on any sum is measured by the 
product of the money and time. ‘Therefore, the credit on $12 for 5 
months =the credit on $60 for 1 month, because 12x5=60x1. In 
like manner, we have the credit on $15 for 2 months = the credit on $30 
for 1 month; and the credit on $18 for 10 months = the credit on $180 
for 1 month. Hence, by addition, the value of the several terms of 
credit on their respective sums equals a credit of 1 month on $270; and 
this equals a credit of G6 months on $45, because 45 x 6=270 x 1; hence 
the equated time is G months after April 1 or Oct. 1. 


Rute. —I. Multiply each payment by its term of credit, and 


divide the sum of the products by the sum of the payments ; the 
quotient will be the average term of credit. 


Il. Add the average term of credit to the date at which all the 
credits begin; the result will be the equated time of payment. 


Notrs.—1. The periods of timo used as multipliors must all be of the same denomi- 
nation, and the quotient will be of the same denomination as tho terms of credit; if these 
are months, and there is a remainder after the division, continue the division to days by 
reduction, always taking the nearest unit in the last result. 

2. The several rules in equation of payments are based upon the principle of bank dis. 
count; for they imply that the discount of a sum paid before it is due equals the interest 
of the same sum pald after it is due, 


2. On the first day of January, 1892, a man gave 3 notes, 
the first for $500 payable in 30 days; the second for $400 
payable in 60 days; the third for $600 payable in 90 days. 
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What was the average term of credit, and what the equated 
time of payment ? 

3. Lowe $480 payable in 90 days, and $320 payable in 60 
days. My creditor consents to an extension of time to 1 year, 
and offers to take my note for the whole amount on interest 
at 6% from the equated time, or a note for the present worth 
of both debts, on interest from date. How much shall I gain 
if I choose the latter condition ? 

4. A man purchased real estate, and agreed to pay 4 of the 
price in 3 months, + in § months, and the remainder in 1 year. 
Wishing to cancel the whole obligation at a single payment, 
how long may this payment be deferred ? 

5. I bought merchandise April 1, as follows: $280 on 3 
months, $300 on 4 months, $200 on 5 months, $560 on 6 
months. What is the equated time of payment ? 

719. To find the equated time when the terms of credit begin 
at different dates and the account has only one side. 

1. When does the amount of the following bill become due, 
by averaging ? 


CHARLES CRosBY, 


1896. To Bronson & Co., Dr. 
ane ee OUMOSG.... ss 2s ee ORT: $400 
RO mmECOMNLGSG. OlL2 INO. 2 eo 2 6 0 0 5 600 
Apryz0men a@ash. ... 2 . BM ci wigeteaiye ve) Ys ie 375 


FIRST OPERATION, 


Due 


Jan. 12 


Mar. 16 
Apr. 20 


1875 | 75525 


75525 + 1375 = 55 days. $0600 + 1375 = 44 days. 
55 days after Jan. 12, 44 days before Apr. 20, 
ZED or Mar. 7. cane: or Mar. 7. 


ae 
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Sorurion. — The three items of the bill are due Jan. 12, March 16, and 
April 20, respectively. In the first operation we use the earliest maturity, 
Jan. 12, for a focal date, and find the difference in days between this date 
and each of the others, taking into account the exact number of days in 
each calendar month; thus, from Jan. 12 to March 16 is 64 days (in 
leap year) ; from Jan. 12 to April 20 is 99 days. Hence, from Jan. 12 the 
first item has no credit, the second has 64 days’ credit, and the third 99 
days’ credit, as appears in the column marked da. We now proceed to 
find the products as in § 718, whence we obtain the average credit, 54.9 
or 65 days, and the equated time, March 7. 

In the second operation, the latest maturity, April 20, is taken for a 
focal date, and the work may be explained thus: Suppose the account ta 
be settled April 20. At that time the first item has been due 99 days, 
and must therefore draw interest for this time, But interest on $400 for 
99 days = the interest on $39600 for 1 day. The second item must draw 
interest 35 days; but interest on $600 for 35 days = interest on $ 21006 
for 1 day. ‘Taking the sum of the products, we find that the whole 
amount of interest due April 20 = the interest on $ 60600 for 1 day ; and 
this is found, by division, equal to the interest on $1375 for 44 days, 
which is the average term of interest. Hence the account would be set. 
tled April 20, by paying $1375, with interest on the same for 44 days. 
This shows that $1376 has been used 44 days, that is, it falls due March 
T, without interest. 


Ruy. —I. Lind the time at which each item becomes due, by 
adding to the date of each transaction the term of credit, if any ts 
specified, and write these dates in a column. 

Il. Assume either the earliest or the latest date for a focal date; 
Jind the difference in days between the focal date and each of the 
other dates, and write the results in @ second column. 

III. Write the items of the account in a third column, and 
multiply each by the corresponding number of days in the preced- 
ing column, writing the products in a fourth column. 

IV. Divide the sum of the products by the sum of the items. 
The quotient will be the average term of credit, when the earliest 
date is the focal date, or the average term of interest, when the 
latest date is the focal date. In either case, reckon from the focal 


date rowanrp the other dates, to find the equated time of payment. 


Norres.—1. When dollars and cents are given, it is generally sufficient to take only 
dollars in the multiplicand, rejecting the cents when less than 50, and varrying 1 to the dol- 
lars, if the cents are more than 50. 

2. Months in any terms of credit are understood to be calendar months ; the time must 
therefore be carried forward to the same day of the month in which the term of credit 
expires, 
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3. Find the equated time of payment of the following bill: 


JAMES GORDON, 


1896. To Henry Lancey, Dr. 
Mar. 4. To 100 yd. Cassimere, @ $2.5 - $250 

« 25. “ 3000 “ French Prints, “ Pal A 5 2 360 
Apr. 16. “ 1200 “ Sheeting, iG 08. tee 96 

“« 30. “ 400 “ Oil Cloth, 80. ee 200 
May 17, “ Sundries ......-----++e--- 850 
June 1. “ 100 yd. Cassimere, (@: 2.50.0 eas 250 


3. I sell goods to A at different times, and for different 
terms of credit, as follows: 


Sept. 12, 1895, a bill on 1 mo. credit, for ......... $180 
Octmats; ac ib CD ey Swanson es 300 
SN OVAL OsEmieen “6 an SORE OS gag ve ome 150 
Decwz0,ea «6 8 « (21) Ae RM eet 6 350 
Jan. 25, 1896, “ 1s ea a kt ee 130 
deny, PA Less ee Jog. 3, a gs aac 200 
Hebyez4, 6S 1 « ee ge ee ee 140 


If I take his note in settlement, at what time shai! interest 
commence ? ‘ 


4. What is the average of the following account ? 


1896, Oct. 1. Mase, UE a Me ty ef 
« Noy. 12. 5 = I ec, 500 
“ Dee. 18. (2 (8 Somer 5 3 436 

1897, Jan. 16. “ GC Une a eeaiP Renee 21.0 825 
“« Feb. 24. o Ci Ch a OME OBO tid Oo 436 
ce Mar al'7. G GC US SOA SeaaeemeEcer cb 537 
“Mar. 20. C3 CH 3" J a ae amen) ce 6 ors 500 
«Apr. 15. CR CME SOME I ov o)"e) ’e)e) (ee. wie ole euuelne 600 


5. I have 4 notes, as follows: The first for 3350, due Aug. 
16, 1895; the second for $250, due Oct. 15, 1895; the third 
for $ 300, due Dec. 14, 1895; the fourth for $ 248, due Feb. 
12, 1896. When shall a note for which I may exchange the 
four be made payable ? 
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720. To find the equated time when the terms of credit begin at 
different times, and the account has both a debit and a credit side. 


1. Find at what date the following account may be paid, 
without loss to either debtor or creditor: 


vr. Joun Lyman. Cr. 
1896, 1896. 

June 12 | To Mdse, 520 | 00 || June 24 | By Draft at 30 da. 480 | 00 

wa“ 428 | 00 |} Aug. 20 | “ Cash, 230 | 00 

“ Sundries, 440 | 00 |] Oct. S|“ “ 140 | 00 

Dr. OPERATION. Cr. 


Da. Items. | Products. 


188 530 T3140 
46 423 19683 
i) 440 


dune 12 
Sept, 12 
Oct. 23 


1398 92528 
850 63310 


Balences, DAS 29518 


29518 + 548 = 54 da., average term of interest. 
Oct. 28 — 54 da. = Sept. 4, balance due Ans. 


So.vution. — In this operation we have written the dates of maturity 
on either side, allowing three days’ grace to the draft. The latest date, 
Oct. 28, is assumed as the focal date for both sides, and the two columns 
marked da. show the difference in days between the focal date and each 
of the other dates. ‘The products are obtained as in § 719, and the 
balance is found between the items on the two sides, and also between 
the products. 

These balances, being both on the Dr. side, show that John Lyman on 
the day of the focal date, Oct. 28, owes $548, with interest on $29518 for 
lday. By division, this interest is found to be equal to the interest on 
$548 for 54 days. Hence this balance, $548, has been due 54 days; and 
reckoning back from the focal date, we obtain the equated time of pay- 
ment, Sept. 4. 

Had we taken the earliest maturity, June 12, for the focal date, we 
should have obtained 84 days for the interval of time; and since in this 
case the products would represent the credit to which the several items 
are entitled after June 12, we should add 84 days to the focal date, which 
would give Sept. 4, as before. 
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2. What is the balance of the following account and when 
is it due? 


Dr. Craries Deruy. Cr. 
1895. 1895. 

dan, 21 | To Mdse. 82] 00 || Jan. 1 By Cash, St | 00 

Maree Oxi it 145 | 00 || Feb. 4] e 40 | 00 
rimmrsa ait 194 | 00 |] Mar.80 | “ 12 | 00 

Dr. OPERATION, Cr. 


Products. | Due, Products. 


2176 
3625 


1552 


7892 
2160 


Jan, 1 
Feb. 4 
Mar, 80 


7358 


Balance of products, 


2199 + 285 = ) da.; Mar. 30 + 9 da. = Apr. 8 Ans, 


Sorurtion. — We take the latest maturity, March 30, for the focal date, 
and consequently the products represent the intevest due upon the several 
items, at that date. We find the balance of the items upon the Dr. side, 
and the balance of the products upon the Cr. side. ‘The debtor therefore 
owes, on March 30, $235, but is entitled to such a term of interest on the 
same as will be equivalent to the interest on $2199 for 1 day, which by 
division, is found to be 9 days. Hence the balance is due March 30 + 9 da. 
= April 8. Thus we see that when the balances are on opposite sides, 
the interval of time is counted from the other dates. If we take, in this 
example, the earliest date for the focal date, the balances will both be 
upon the Dr. side, and the interval of time will be 97 days, which, reckoned 
forward from the focal date, will give the equated time as before. 


Rure.—I. Lind the time when each item of the account is 
due, and write the dates, in two columns, on the sides of the. 
account to which they respectively belong. 

II. Use either the earliest or the latest of these dates as the 
focal date for both sides, and find the products as in § 719. 

IL. Divide the balance of the products by the balance of the 
account ; the quotient will be the interval of time, which must be 
reckoned from the focal date rowArp the other dates when both 
balances are on the swme side of the account, but rrom the other 
dates when the balances are on opposite sides of the account. 
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Nores.—1. Instead of the products, we may obtain the interest, at any per cent, on 
the several items for the corresponding intervals of time, and divide the balance of interest 
by the interest on the balance of the account for 1 day; the quotient will be the interval of 
time to be added to, or subtracted from, the focal dato, according to the rule. The time 
obtained will be the sarne, at whatever rate the interest may be computed. 

2, There may be such a combination of debits and credits, that the equated time will be 
earlier or later than any date of the account, 


3. Find the average maturity of the following account: 


Dr. A. B. Armour. Cr. 
1897. 1897. 

Feb. 12 | To Mdse. 8) | 75 || Mar. 15 By Bal. old acc't 97 | 36 
uA oT) aa} 86 | 24 || April 17] “ Cash 56 | 00 

Apei6 | * 174 | 96 || May 25) “ © 25 | 00 

May 20; “* “ 94 | 73 || June 8} “* Sundries 4) 75 


Balances, | 118.62 


Int. on $ 118.62 for 1 da. = §.0198. 
2.20 + .0198 = 111 da. ; June 8 — 111 da. = Feb. 17, 1897 Ans. 


Sorvurion. — Taking the latest maturity, June 8, for the focal date, we 
find the interest of cach item, at 6%, from its maturity to the focal date ; 
then, taking the balance, we find the interest due on the account to be 
$2.20. Dividing this interest by the interest on the balance of the items 

_ for 1 day, we obtain 111 days, the time required for the interest, $2.20, to 
accrue. The average maturity, therefore, is June 8 — 111 da. = Feb 17, 
1897. It is evident that when the balances occur on opposite sides, the 
interval of time will be reckoned as in the method by products. 


4. Find the average maturity of the following account: 


Dr. Thomas LARDNER. Cr. 


March 1 ‘To Sundries, By Draft, at 60 da, 400 | 09 
April 12 ** Mdse. enon 30“ 650 | 00 
July 16 Coma “ Cash, 200 | 00 
Sept. 14 Ot ests oo 
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5. Find the average maturity of the following account: 


Dr. Davin Sanrorp. Cr. 
1895. Net ay Clank ee 

To Mdse. on 3 mo. D4 | 36 April 1 3y Cash, 00 

Sh gall ie stapes ge 28 | 45 Muay w| Draft, at 30 da. 30 | 00 

March 16 | ‘ Sundries, 95 | 75 June 32 Se ee 125 | 09 

June 25] “* Mdse, 26 | 82 ca) * Cash 150 | 00 


6. If the following account were settled April 6, 1894, by 
draft on time, how many days’ credit should be given? 


Dr. Oviver WaAInwricur. Cr. 
; 7 
1894, 1894, 
Feb. 1 To Mdse. | $6] 72 || Jan. 10) By Cash, 98 | 72 
March 1 ow 1 4g |o5|}°« of rt aa 95 | 84 
March 17 et 1 72] 36 || March 23 * Sundries, 15 | 17 
April 1 vou pk | 98] 48 || April 6} “* " 8 | 96 
| 


7. Find the average maturity of the following account: 


Dr. Joun Woxcorr. Cr. 
1895, 1895. 

Feb. 1 | To Mdse 448 | 00 || Feb. 20 | By Amt, brought for’d| 560 | 60 
ee 4 Cash 304 | 00 «9g | * 1 Carriage. 264 | 00 
De OE tea 232 | 00 “ 95 |) ** Cash 900 | 0 


8. Lowe $1000 due April 25. If 1 pay $560 April 1, and 
$324 April 21, when, in equity, should 1 pay the balance? 


Notr. — Make the $1000 the Dr. side of an account, and the payments the Cr. side, and 
then average. 


9. A man owes $684, payable Aug. 12, and $468, payable 
Oct. 15. If he pays $839, Aug. 1, what will be the equated 
time for the payment of the balance ? < 

10. A man holds 3 notes, the first for $500, due March 1, 
the second for $800, due June 1, and the third for $600, due 
Aug. 1. He wishes to exchange them for two others, one of 
which shall be for $1000, payable April 1. What will be the 
face and when the maturity of the other? 


11. A owes $500, due April 12, and $1000, due Sept. 20, _ 


and wishes to discharge the obligation by two equal payments, 
made at an interval of 60 days. When must the two payments 
be made ? 


. 


at 


P 
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ACCOUNT SALES. 


721. An Account Sales is an account rendered by a commis- 
sion merchant of goods sold on account of a consignor, and 
contains a statement of the sales, the attendant charges, and 
the net proceeds due the owner. 


Nore. — Expenses include freight, cartage, storage, insurance, etc. 


722. Guaranty is a charge made in addition to commission, 
for securing the owner against the risk of non-payment, in case 
of goods sold on credit. 


723. Storage is a charge made for keeping the goods, and 
may be reckoned by the week or month, on each article or 
piece. 


724, Primage is an allowance which is paid by a shipper 
or consignor of goods to the master and sailors of a vessel, for 
loading it. 

725. A commission merchant having sold a shipment of 
goods by parts at different times, and on various terms, makes 
a final settlement by deducting all the charges, and by accred- 
iting the owner with the net proceeds. It is evident therefore, 
that: 

I. The commission and guaranty should be accredited to the agent at 
the average maturity of the sales. 


Il. ‘The net proceeds should be accredited to the consignor at the aver- 
age maturity of the entire account. 


Rutr.—I. To compute the storage. — Multiply each article 
or parcel by the time it is in store, and multiply the sum of the 
products by the rate per unit; the result will be the storage. 


II. To find when the net proceeds are due. — Average the 
sales alone, and the result will be the date to be given to the com- 
mission and guaranty; then make the sales the C1. side, and the 
charges the Dr. side, and average the entire account by the method 
shown in § 720. 


Nore. — In averaging, olther the product method or the interest method may be used. 
ROR. NEW HIGHER AR. — 27 
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Examples. 


726. 1. Find the net proceeds of the following account, 
and when due. 


Account sales of 1000 barrels of flour received May 1, 1895, 
by John Fisk from Tyler, Bell & Co. 


June 8 Sold ao bbl. at $3.00 $ 600.00 
June 380 850 8.25 on 1 mo. 1187.50 
July 29 “ 400 8.15 1260.00 
Aug. 6 |“ 00 “ 8.75 187.50 


OnUAances. $3185.00 


May 1 | To freight, cartage, primage, and cooperage $250.2 25 
“ insurance 55.5 


$305. 1 
Aug. 6 | To storage from May 1 at 2 cts. a wk. 
On 200 bbl. 5 wk. 1000 wk. 
«350 “* 9 ** 68150 ** 
“ 400 “13 5200 
“5 aE 700 
10050 wk. at 2 cts. = $201.00 
To Commission on $3185 at 2h Yo § $79.63 
“ Guaranty on $1187.50 at 259 1 S44 
$108.07 3614.82 
18 
Dr. OPERATION. Cr. 


CHARGES. 


Products. Due. te Items, | Products. 


June 3 é 600.00 


00 
19497.00 July 80 1187.50 
8645.60 July 29 


————_|| Aug. 6 

28142.60 
252502. 0) 
28142.60 


262502.50 + 3185 = 80 da. 
May 1 + 80 da. = July 20, date for commission and guaranty. 


224359.90 + 2570.18 = 88 da. 


May 1 + 88 da. = July 28, 1895, proceeds due a 
Proceeds = $2570.18 } a 
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So.ution. — We first find the proceeds by deducting the charges from 
the amount of sales, computing the storage according to the rule. Then 
we make the sales the Cr. side, and equate the time by § 719, taking 
May 1, the earliest date, as the focal date. The answer, July 20, is the 
date for commission and guaranty. As the dates for the other charges are 
known, we proceed to equate the time for charges on the Dr. side, and to 
balance the two sides as in § 720, and we find the proceeds to be $ 2570.18, 
due July 28, 1895. 


Note. — The time for which storage {s charged on each part of the shipment fs the Inter- 
val, reduced to weeks, between May 1, when the flour was recelyed into store, and the 
date of sale. very fraction of a week is reckoned a full week. 


2. Frank Aldrich sold on account of F. Grant & Co. a con- 
signment of 100C bu. of wheat as follows: Feb. 1, 1895, 200 bu. 
@ $.62, cash; March 1, 1895, 800 bu. @ $.65 on 2 mo. The 
charges were: Jan. 1, freight, cartage, etc., $75; storage from 
Jan. 5, @ $.01 a bu. per week ; insurance $5.00; commission 
and guaranty each 24%. ind the proceeds and when due. 

3. Henry Osgood sold on account of E. L. Curry & Bro. of 
Brooklyn, the following: March 1, 1894, 6000 yd. black ribbon 
@ $.50; March 15, 2000 yd. navy ribbon @ §$ .15, and 1000 ya. 
brown at $.25. The charges were: Feb. 1, freight and cartage 
$3.75; Feb. 6, advertising $5; commission 2%. Find the 
proceeds and when due. 

4. A commission merchant in Boston received into his store | 
on May 1, 1895, 1000 bbl. of flour, paying as charges on the 
same day, freight $175.48, cartage $56.25, and cooperage 
$8.37. Ile sold out the shipment as follows: June 3, 200 bbl. 

'@ $4.25; June 30, 350 bbl. @ $4.50; July 29, 400 bbl. @ 
$4,121; Aug. 6, 50 bbl. @ $4.00. Required the net proceeds, 
and the date when they shall be accredited to the owner, 
allowing commission at 31%, and storage at $.02 per week 
per bbl. 


5. Jobn Anderson sold on account of J. B. Walbridge & Co. 
of Philadelphia, the following: April 1, 1896, 2000 yd. silk 
@ $1.25; May 15, 6000 yd. cassimere @ $1.00, and 2000 yd. 
silk @ $1.25. The charges were: March 1, freight and 
cartage $25; March 10, advertising $20; commission 2%. 
Find the proceeds and when due. 
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SETTLEMENT OF ACCOUNTS CURRENT. 
Examples. 
727, To find the cash balance of an account current at any 
given date. 


1. Required the cash value of the following account, July 1, 
1896, interest at 6%. 


Dr. J. Burns in account current with Trtur & Co. Cr. 
1596. 1596. 

Feb. 25 | To Mase. on 8 mo. 860 | 75 || Mar. 1 By Cash on acct. 

ee, CS eas 240 | 56 |} April 20 | “ Accept. at 30 da, 

PADrASB Hines ce fl) fe 875 | 24 || Juno 12] ‘ Sundries, 

CLT VICY 4) CO Bia 285 | 25 “27 | “ Cash on acct. 

Dr. OPERATION. : Cr, 


Items. Int. | Cash yal. . Items. Int. 


860.75 + 2.22 362.97 || Mar, 250.00 -+ 5.08 
20.56 + At 241,00 c )0 + 2.10 
00 + 1,19 


875.24 — 3.65 $71.59 
235.25 — 2.12 238,18 2 4 400.00 + .27 


1708.69 


$1708.69 — $1333.64 = § 375.05 Ans. 


So.urion. —For either side of the account we write the dates at which 
the several items are due, and the days intervening between these dates 
and the day of settlement, July 1. We then compute the interest on each 
item for the corresponding interval of time, and add it to the item if the 
maturity is before July 1, and subtract it from the item if the rhaturity is 
after July 1; the results must be the cash values of the several items on 
July 1. Adding the two columns of cash values, and subtracting the less” 
sum from the greater, we have $375.05 the cash balance required. 


Rurz.—I. Find the number of days intervening between each 
maturity and the day of settlement. 

II. Compute the interest on each item for the corresponding 
interval of time ; add the interest to the item if the maturity is 
before the day of settlement, and subtract it from the item if the 
maturity is after the day of settlement ; the result will be the cash 
values of the several items. 
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III. Add each column of cash values, and the difference of the 
amounts will be the cash balance required. 


2. Find the cash balance of the following account on June 
1, 1894, interest at 6 per cent. 


Dr. Avan Parke, in account current with C. D. Cart & Co. Cr. 
1894. 1894. 

Jan, 12 To Check, 500 | 8 dan. 1 By Bal, from old acet. 536 | 72 

ree) [) sh ss 250 | 48 Feb. 8 | * Cash, 486 | 57 

Feb. 13 eee fe 400 | 00 March 26 Sie 1260 | 7 

March 16 | “ 750 | 00 April 2] « « 756 | 36 

April2s ; “ “ 200 | 00 May 12) “¢ « 248 | 79 


3. What is the cash balance of the following account on Dec. 
31, 1895, at 7 per cent? 


Dr. James Hanson. Cr. 
1895. 1895. 

Sept. 3 To Sundries, 478 | 86 Sept. 17 By Sundries, 96 | St 

Oct. 2 “ Mdse. on 8 mo, 256 | 87 0 “ Cash on acct, 200 | 00 
“ot Pa Caster TH ar 875 | 26 Ciypesnoares 325 | 00 

Nov. 12 ww age $0 | 00 , riven ste 50 | 00 

Dec. 15 “ Sundries, 148 | 76 . ot ke ° S| 00 


4. Find the cash balance of the following account on Dee. 3, 
1896, interest at 6%. 


Dr. James Oscoon, in account current with J. F. Mituzr & Co. Cr. 
1896. 1896. 

Feb. 3 { To Mdse, 500 | 75 March 1 By Cash, 300 | 00 
Feb. 16 se On 8. m0; 620 | 00 April 3 . 50 | 00 
March 8 seat eB gee 350 | 00 May 15]; “ ‘* 115 | 75 
April15 | “* v6 as 240 | 75 July 6 Ain 200 | 00 
TEC ED | Pay tes 819 | 50 |] July 15] “ 300 | 00 
PAULO: |) f° , $f USL 625 | 25 Sept. 1 Lesh 500 | 00 
SSe DCH yeti 48) 9689: 48 814 | 05 


5. Find the cash balance of the following account on 
Jan. 15, 1897, interest at 5%. 


Dr. Frank AviLEN in account current with Harvey & Baves. Cr. 
1896. 1896. 
April 5 | To Sundries, 250 | 00 May, 10 By Cash, 150 | 00 
May 5 | “ Mdse. 120 | 00 || Jund 10 “s 200 | 00 
dune 5 | “ * 15 | 75 || Aug. 10] “ * 10 | 00 
July 5 eather 650 | 50 || Sept. 15 te 15 | 00 
Aug) jose) ts 400 | 50 |} Oct. 15 | “ 800 | 00 
Ee ee ee 750 | 00 |} Dec. 15] “ “ 500 | 00 


; 


INVOLUTION. 


728. A Power is the product arising from multiplying a 
number by itself, or repeating it any number of times asa 
factor (§ 104). 

729. Involution is the process of raising a number toa given 
power (§ 110). 

730. A Perfect Power is a number that has an exact root, and 
an Imperfect Power is one that has not an exact root. 

731. To discover the principles which govern the process of 
involution. 

Suppose we wish to find the sixth power of 4. 


4x4x4x4x4x4 = 46 = 4096. 
Or, (4x 4)x(4 x 4)x(4 x 4) = 4° x 4% x 4? = 4096, 
Or, (4x4x4)x(4x4x4) =4°x 43 = 4096. 
Or, (4x4x4x4)x(4x4) =4'x 42 = 4096. 
Or, 4x(4x4x4x4x4) =4 x4 = 4096, 


In these examples we see that the sum of the exponents in the various 
multiplications are equal to the required exponent and the results are all 
alike. Thus, 2+2+2=6,84+8=6,4+2=6,5+1=6,etc. Wealso 
see that the sixth power is equal to the cube of the square (that is, the 
square taken three times in continued multiplication) or the square of 
the cube. 


732. From these facts we derive the following principles. 
Prrvcreres.—I. The exponent of any power is equal to the 
number of times the root has been taken as a factor in continued 
multiplication. 
Il. The propuct of any two or more powers of the same num 
ber is the power denoted by the sum of their exponent. 
422 
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IIL. If any power of a number is raised to any given POWER, 
the result will be that power of the number denoted by the PRODUCT 
of the exponents. 


Examples. 


733. To find any power of a number. 
1. What is the fifth power of 6? 


OPERATION. Sorution. — We multiply 
6x6x6x6x6=7776 Ans. 6 by itself, and this product 
by 6, and so on, until 6 has 
Or, been taken 5 times in con- 

6 x6 =@=36 tinued multiplication; the — 
36 x6 =6*=216 final product, 7776, is the 


3 02 05 910 _- power required (§782,1). Or. 
6 x OF = 6 = 216 x 86 =7776 Ans. we may first form the second 


and third powers; then the product of these two powers will be the fifth 
power required ($782, IL). 


2. What is the sixth power of 12? 


CRA LN Isf Sorurion.— We find the cube of the second 
12? — 144 power, which must be the sixth power 


1443 — 2985984 Ans, ($782, IIT). 


Rue. —I. Multiply the given number by itself in continued 
multiplication, till it has been taken as many times as a factor as 
there are units in the exponent of the required power. Or, 


Multiply together two or more powers of the given number, 
the sum of whose exponents is equal to the exponent of the required 
power. Or, 

Raise some power of the given number to such a power that 
the product of the two exponents shall be equal to the exponent of 
the required power. : 


Norrs. —1. The number of multiplications will be one Zess than the exponent, since the 
root in the first multiplication is used éoice, once as multiplicand and once as multiplier. 

2. A fraction is involved to any power by involving each of its terms separately to the 
required power. 

8. Mixed numbers should be reduced to improper fractions or decimals before involution 
is performed, 

4. When the number to be involved is a decimal, contracted multiplication may be 
applied with great advantage, 


owe ewes 


= ees 
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Raise the following numbers to the powers indicated by 
their exponents: 


3) 79%. 6. 1450°. 9. 437%. 
4. 85%. 7. (164)4 10. 1.05% 
5. 25.48. 8. 2°. 11. .009%. 
. Find the value of each of the following expressions: 
12. 4.367%. 15. 4.6% x 25%. 18. 7% + 3.08. 
13. (%)*% 16. (63)* — 7.25°. 19. 4° x 5° x 12% 


14. (2})°. 17. 4 of (4)° of (384)?. 20. 4° x 10* x 32. 
21. (4° x 5° x 12%) + (4° x 10° x 67). 
22. (3° x 28 x 4°) + (2? x 3° x 4’). 
22. (2° x 34) + (3? x 2") — (2? x }). 
734. To find the square of a number in terms of its tens and 


units. 
1. Find the square of 23 in terms of its tens and units. 

OPERATION. Sorution. — 23 = 2048. Maulti- 
23 — 20+3 plying 20 + 3 by 3 and indicating the 
23 = 2043 operation, we have 20 x 3 and 3 x 3, 
ph ia — or 37. Multiplying 20 +3 by 20, we 
69 = 20 x 3+ 3? have 20 x 20, or 202, and 20 x 3. Add 
46 = 20°4+20 x3 ing the partial products, the result is 


~ 20°+2 times 20 x 3+38?, which i 
529 = 20° + 2(20 x 3) +3? equal to 429. oa 

Ruxr.—To find the square of a number consisting of tens 
and units. — To the square of the tens add twice the product of the 
tens by the units and the square of the units. 


Nore. — When a number ts separated into any two parts, its square is always equal to 
the square of the first part + twice the product of the first by the second -+the squaro of 
the second part. Thus, 23 = 12+ 11; and 23?= 122-42 (12 x 11) + 117=529, 

Hence, the rule for squaring any number by tens and units may b¢ 
expressed by the formula: @ + 2¢u + u?. 


In the same way find the square of: 


2. 36. 5. 58. 8. 69. 11. 109. 
3. 65. 6. 92. Ob Ee 12. 157. 
4. 39. 7. 78. 10. 73. 13. 275. 
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735. To find the cube of a number in terms of its tens and 
units. 
1. Find the cube of 23 in terms of its tens and units. 


OPERATION, 
23 = 20+3 
23 = 20 +3 
69 = 20 x 34 3 
46 = 20? + 20 x 3 
529 = 20? + 2(20 x 3) +3? 
23 = 2043 
1587 = 20? x 3+ 220 x 3) +3? 


1058 20° + 2 (20° x 3)+ (20 x 3?) 
12167 = 20° + 3(20° x 3) + 3 (20 x 3%) +38 

So.ution. — The cube of 23 = 23 x 23 x 23,or 232 x 23. We proceed 
to find the square as before, which is 20? + 2(20 x 8) + 3% Multiplying 
this first by 3 and then by 20 and adding these partial products, the 
result is 20° + 3(20? x 3) + 3(20 x 3?) + 33, 

Ru. — To find the cube of a number consisting of tens and 
units. — Vo the cube of the tens add three times the product of the 
square of the tens by the units, three times the product of the 
tens by the square of the units, and the cube of the units. 

Note. — The cube of a number divided into any two parts is equal to the cube of the 
first part +3 times the square of the first part by the second part +3 times the first part by 
the square of the second part + the cube of the second part. Thus, 23=12+11, and 233= 
12343 (122 x 11) +3 (12 x 112) + 113 = 12167. 

Hence, the rule may be expressed by a formula as follows: @& + 3 tu 
+ 3 tu? + w. 

In the same way find the cube of: 

2. 27s 4. 52. 6. 115. 8. 274. 10. 613. 

3. 42. 5. 79. 7. 140. 9. 569. 11. 996. 


ll 


APPLICATIONS oF INVOLUTION. 
736. The following principles of physics afford application 
for the rules of involution. 
Prrncrpites. —I. The intensity of light varies inversely as 
the square of the distance from the source of illumination. 
Il. The intensity of sound varies inversely as the square of 
the distance from the source of the sound. 
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Ill. The heating effect of a small radiant mass upon a distant 
object varies inversely as the square of the distance. 

IV. The force of attraction or repulsion exerted between two 
magnetic poles is inversely proportional to the square of the 
distance between them. 

V. Gravitation varies inversely as the square of the distance 
between the centers of gravity. 

Examples. 

737. 1. From a vessel on the ocean, a light in a lighthouse 
could be seen dimly 25 miles distant. How much brighter 
would the light appear, when the vessel was 5 miles distant? 

2. I have 2 lamps, one of 4 candle power and one of 16 
candle power; if the former is 20 ft. distant, how far away 
must I place the latter to give me the same amount of light? 

3. A bell heard by A is heard by B 8 times as far distant. 
How loud will it sound to B as compared to A ? 


4, If the earth were removed to + its distance from the sun, 
how much more intense would be the heat received by it ? 

5. A body 4000 miles from the center of the earth (or at 
the earth’s surface) weighs 900 pounds. What would it weigh 
12000 miles from the center of the earth ? 

6. A pistol shot is heard by A. B hears it j as loud. 
How much further is B from the pistol than A ? 

7. Two magnetic poles } of an inch apart have an attrac- 
tion for each other whose force would lift a pound weight. 
What weight would they lift if they were an inch apart? 

8. A wax taper is held a certain distance from a flame. It 
requires an amount of heat 16 times as great as that now 
acting upon it to ignite it. How much nearer must I move 
the taper if I wish to light it? 

9. If an electric light and a gas light are 16 ft. apart, and 
the former gives 9 times as much light as the latter, at what 
point between the two must an object be placed so as to 
receive the same amount of light from each ? 


EVOLUTION. 


++ 


738. <A Root is a factor repeated to produce a power (§ 105) ; 


thus, in the expression T x 7 x 7 = 343, 7 is the root from 
which the power, 343, is produced. 


739. Evolution is the process of extracting the root of a 
number considered as a power; it is the reverse of Involution. 

Any number whatever may be considered as a power whose 
root is to be extracted. 


740. A Rational Root is a root that can be exactly obtained. 


741. A Surd is an indicated root that cannot be exactly 
obtained because the power is imperfect. 


742. The Radical Sign is the character, ./, which, placed 
before a number, indicates that its root is to be extracted. 


743. The Index of the root is the figure placed above the 
radical sign, to denote what root is to be taken. When no 
index is written, the index 2 is always understood. 


744. The names of roots are derived from the correspond- 
ing powers, and are denoted by the indices of the radical sign. 
Thus, V LOU denotes the square root of 100, +/100 denotes the 
cube root of 100; 100 denotes the fourth root of 100; ete. 


745. Evolution is sometimes denoted by a fractional expo- 
nent, the name of the root to be extracted being indicated by 
the denominator. Thus, the square root of 10 may be written 
10!; the cube root of 10, 105, ete. 


746. Fractional Exponents are also used to denote both invo. 
lution and evolution in the same expression, the numerator 
indicating the power to which the given number is to be 
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raised, and the denominator the root of the power which is to 
be taken; thus, 7 denotes the cube root of the second power 
of 7, and is the same as V7"; so also 7! = V75. 

747. In extracting any root of a number, any term or terms 
may be regarded as tens of the next inferior order. Thus, 
in 2546, the 2 may be considered as tens of the third order, 
the 25 as tens of the second order, or the 254 as tens of the 
first order. 

EVOLUTION BY FACTORING. 


Examples. 
748. To find any root of a number by factoring. 
1. Find the cube root of 1728. 


OPERATION. 
3 | 1728 
3 : 
3 SoLution. —A number that is a perfect cube is com- 
2 posed of three equal factors, and one of them is the cube 
root of that number. 
2 The prime factors of 1728 are 3, 5, 3, 2, 2, 2, 2, 2, 2; 
2 hence 1728 = (8 x 2x 2) x (8x 2 x 2) x (8x 2x 2); there- 
2 fore the cube root of 1728 is (3 x 2 x 2), or 12. 
2 


Rute. — Resolve the given number into its prime factors; 
then, to produce the square root, take one of every two equal fac 
tors; to produce the cube root take one of every three equal fac 
tors; and so on. 


2. Find the square root of 64, 576, 6561. 

Find the cube root of 729, 2744, 9261, 3375. 
Find the square root of 225, 256, 289. 

Find the cube root of 4913, 8000, 24389. 
Find the fourth root of 81, 256, 625, 1296. 
Find the fifth root of 243, 1024, 3125. 

Find the sixth root of 729, 4096, 15625. 

9. Find the seventh root of 2187, 16384, 78125. 


i 
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749. The Square Root of a number is one of the two equal 
factors that produce the number. Thus, the square root of 64 
is 8, for 8 x 8 = 64. 

To derive the method of extracting the square root of a number, it is 
necessary to determine: 

I. The relative number of places in a number and its square root. 
Il. The relations of the figures of the root to the periods of the number. 

Ill. The law by which the parts of a number are combined in the for- 

mation of its square (§ 734). 


750. The relative number of places in a given number and 
its square root is shown in the following illustrations: 


Roots. Squares. Roots. Squares. 
it 

9 81 10 1,00 

99 98,01 100 1,00,00 

999 99,80,01 1000 —1,00,00,00 


I. From these examples we perceive (1) that a root consisting of J 
place may have 1 or 2 places in the square. 
(2) That the addition of 1 place to the root adds 2 places to the square. 


751. Hence we have the following principles: 


Prinocietes. —I. Jf we point off a number into two-figure 
periods, commencing at the right hand, the number of full periods 
and the left-hand full or partial period will indicate the number 
of places in the square root, the highest period corresponding to 
the highest term of the root. 

Il. To ascertain the relations of the several terms of the root to the 


periods of the number, observe that if any number, as 2345, is decomposed 
the squares of the left-hand parts will be related in local value, as follows : 


20002 = 4 00 00 00 23402 = 5 47 56 00 
2300? = 5 29 00 00 2345? = 6 49 90 25 
Il. The square of the first term of the root is contained wholly 
in the first period of the power; the square of the first two terms 
of the root is contained wholly in the first two periods of the 
power; the square of the first three terms of the root ts con- 
tained wholly in the first three periods of the power; and so on. 


Norr. — The periods and terms of the root are counted from the left hand. 


cachiieteehnied ed 


i 
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JI. Since the square of a number expressed in tens and units = #24 
2Qtu+u? ($734), if we take away the square of the tens (é), the 
remainder will be 2¢w+ u?. Hence, 


Ill. If the square of the tens is subtracted from the entire 
square, the remainder will be equal to twice the product of the 
tens by the units, plus the square of the units. 


Examples. 
752. To extract square root. 
1. What is the length of one side of a square plot contain- 
mg an area of 5417 sq. ft. ? 
GEOMETRICAL EXPLANATION. 


OPERATION. So.turtion. — Since the given figure is a square, 
54,17 | 73.6 its side will be the square root of its area, which 
we shall proceed to compute. Pointing off the given 


49 number, the two periods show that there will be 

140 517 two integral terms—tens and units—in the root. 

143 429 The tens of the root must be extracted from the 

eSATA. first or left-hand period, 54 hundreds. The great- 

146.0 88.00 est square in 54 hundreds is 49 hundreds, the 

146.6 87.96 square of 7 tens; we therefore write 7 tens in the 
4 root, at the right of the given number. 


Since the entire root is to be the side of a square, 

let us form a square (Fig. 1), the side of which is 70 fect long. The area 

of this square is 70 x 70 = 4900 sq. ft., which we sub- 

tract from the given number. ‘This is done in the opera- 

tion by subtracting the square number, 49, from the first 

e} period, 54, and to the remainder bringing down the sec- 
ond period, making the entire remainder 517. 

If we now enlarge our square (lig. 1) by the addition 

Fic, I. of 517 square feet, in such a manner as to preserve the 

square form, its size will be that of the required square. ‘To preserve the 

square form, the addition must be so made as to extend the square 

equally in two directions ; it will therefore be com- 

° posed of two oblong figures, at the sides and a little 

70 square at the corner (Fig. Il). Now, the width of 

this addition will be the additional length to the 

side of the square, and consequently the next figure 

in the root. To find the width, we divide square 

contents, or area, by length (§ 117,1). But the 

length of one side of the little square cannot be 

Fig. I. found till the width of the addition is determined, 


70 


70 


a 
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because it is equal to this width. We therefore add the lengths of the 
two oblong figures, and the sum will be sufficiently near the whole length 
to be used as a trial divisor. 

Each of the oblong figures is equal in length to the side of the square 
first formed; and their united length is 70 + 70 = 140 ft. (Fig. III). 
This number is obtained in the operation by doubling the 7 and annexing 
one cipher, the result being written at the left of the dividend. Dividing 
517, the area, by 140, the approximate length, we obtain 3, the probable 
width of the addition, and the second figure of the root. Since 3is also the 
side of the little square, we can now find the entire length of the addition, 

or the complete divisor, which is 70 + 


70 <0 3 70 + 3 = 143 (Fig. II). This number 
' 


is found in the operation by adding 3 


1 Z 7 a fs vis 
H Trial Diyisor = 140. | to the trial divisor, and writing the 
! joes See 
i Gad nsta Divison tas: i result underneath. Multiplying the 


Fio. Il. complete divisor, 143, by the trial 

quotient figure 3, and subtracting 

the product from the dividend, we obtain another remainder of 88 
square fect. 

With this remainder, for the same reason as before, we must proceed 
to make a new enlargement; and we bring down two decimal ciphers, 
because the next figure of the root being tenths, its square will be hun- 
dredths. ‘The trial divisor to obtain the width of this new enlargement, 
or the next figure in the root, will be, for the same reason as before, 
twice 73, the root already found, with one cipher annexed. But since the 
7 has already been doubled in the operation, we have only to double the 
last term of the complete divisor, 143, and annex a cipher, to obtain 
the new trial divisor, 146.0. Dividing, we obtain .6 for the trial term of 
the root; then proceeding as before, we obtain 146.6 for a complete divi- 
sor, 87.96 for a product; and there is still a remainder of .04. Hence, 
the side of the given square plot is 73.6 + feet. 


ARITHMETICAL EXPLANATION, F 


We find the greatest square in 5400 as before, which is 4900, and place 
its root at the right. Since the square of a number divided into any 
two parts is equal to the square of the first part, plus twice the product of 
the first by the second, plus the square of the second part (§ 734), having 
found the square of the first part, which is 4900, the remainder 517 must 
be equal to twice the product of the first part 70 by the second part (?)~ 
plus the square of the second part. Since we do not know the second 
part, we take as a trial divisor twice the first, which is 140, and we find 
the second part to be about 3. Twice the product of the first by the sec- 
ond would be 3 times 140, and the square of the second, 3 x 3; or, since 
3x 140+ 3 x 3=3 x 143, we take 143 as a complete divisor and multiply 
it by the quotient figure 3, and obtain the product 429 and the remain- 
der 88, 
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We now annex two decimal ciphers to the remainder because since 
the next figure of the root must be tenths its square must be hundredths. 
The trial divisor for this new enlargement will be, for the same reason as 
before, twice 73 with one cipher annexed, or 146.0. Dividing 88.00 by 
this, we find the quotient .6, the complete divisor, 146.6, the product 87.96 
and a remainder of .04. Hence the root is 73.6 + feet. 


Rute. —I. Point off the given number into periods of two 
Jigures each, counting from units’ place toward the left for whole 
numbers and toward the right for decimals. 


Il. Find the greatest square number in the left-hand period, 
and write its root for the first figure in the root; subtract this 
square number from the left-hand period, and to the remainder 
bring down the next period for a dividend. 


Ill. At the left of the dividend write twice the first term of the 
root, and annex one cipher, for a trial divisor; divide the divi- 
dend by the trial divisor, and write the quotient for a trial figure 
in the root. 

IV. Add the trial term of the root to the trial divisor for a 
complete divisor ; multiply the complete divisor by the trial term 
in the root, and subtract the product from the dividend, and to 
the remainder bring down the neat period for a new dividend. 


V. To the last complete divisor add the last term of the root, 
and to the swum annex one cipher, for a new trial divisor, with 


which proceed as before. 


Notes. —1. If at any time the product is greater than the dividend, diminish the trial 
term of the root, and correct the erroneous work. 

2, If a cipher occurs in the root, annex another cipher to the trial divisor, and another 
period to the dividend, and proceed as before. 

8. If there is a remainder after all the periods have been brought down, annex periods 
of ciphers, and continue the root to as many decimal places as are required. 

4. The decimal points in the work may be omitted, care being taken to point off in the 
root according to the number of decimal periods used. 

5. The square root of a common fraction may be obtained by extracting the square roots 
of the numerator and denominator separately, provided the terms are perfect squares; 
otherwise, the fraction should first be reduced to a decimal. 

6. Mixed numbers may be reduced to the decimal form before extracting the root; or, 
if the denominator of the fraction is a perfect square, to an improper fraction. The pupil 
will acquire greater facility, and secure greater accuracy, by keeping units of like order 
under each other, and each divisor opposite the corresponding dividend, as shown In the 
operation. 

1. The cipher in the trial divisor may be omitted, and its place, after division, may be 
occupied by the trial root term. thus forming only complete divisors. 
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2. What is the square root of 406457.2516 ? 
OPERATION, 
40,64,57.25,16 | 637.54 Ans. 
36 
Trial divisor, 120 464 
Complete “ 123 369 
Trial “ 1260 9557 
Complete “ 1267 8869 
Trial « 1274.0 688.25 
Complete “ 1274.5 637.25 
Trial “ 1275.00 51.0016 
Complete “ 1275.04 51.0016 
3. What is the square root of 2? 
2. {1414 Ans. 
1 
100 
24 96 
400 
281 281 
Find the square root of : 
4. 315844. 8. .013456 12. 11916304. 
5. 152399025. 9. 10795.21. 13. 3486784401. 
6. 56280004. 10. 58.1406}. 14. 29855296. 
7. 5522500. 11. .0000316969. 15. 5481918225. 
Find the value of the following expressions : 
16. V3. 22. .039177 — .025721. 
1.) W/5§. 23. 12419504 — .005032. 
1s. 10. 24. 126736 — V.045369. 
19. /3858.0769440964. 25. Vise x VigEs. 
20. V99225 — 63504. 26. V81? x 625? x 2* : 
21. V75625 — 25000. 27. Vee x THs. : 
ROB. NEW HIGHER AR.—28 
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758. To abbreviate the extraction of square root. 


1. Find the square root of 8, correct to 6 decimal places. 


OPERATION, 
2.828427+ Ans. 
8.00,00,00 
ae 
48 400 
384 
562 1600 
1124 
5648 47600 
45184 
5656 2416* 
2262 
566 154 
113 
57 41 
40 


So.urion. — Extracting the square root 
in the usual way until we have obtained the 
4 places, 2.828, the corresponding remainder 
is 2416, and the next trial divisor, with the 
cipher omitted, is 5656. We now omit to 
bring down a period of ciphers to the re- 
mainder, thus contracting the dividend 2 
places; and we contract the divisor an 
equal. number of places by omitting to an- 
nex the trial figure of the root, and regard- 
ing the right-hand figure, 6, as a rejected or 
redundant figure. We now divide as in 
contracted division of decimals (§ 292), 
bringing down each divisor in its place, 
with one redundant figure increased by 1 
when the rejected figure is 6 or more, and 
carrying the tens from the redundant figure 
in multiplication. We observe that the en- 
tire root, 2.828427+, contains as many 
places as there are places in the periods 
used. 


Rure.—I. If necessary, annex periods of ciphers to the given 
number, and asswme as many terms as there wre places required 
in the root; then proceed in the usual manner until all the as- 
sumed terms have been employed, omitting the remaining terms, 


uf any. 


Il. Form the next trial divisor as usual, but omit to annex to it 
the trial term of the root, reject one term from the right to form 
each subsequent divisor, and in multiplying regard the right-hand 
term of each contracted divisor as redundant. 


Nores.—1. If the rejected term is 5 or more, increase the next left-hand figure by 1. 
2. Always take full periods, both of decimals and integers. 


2. Find the sq. root of 32 correct to the 7th decimal place. 
3. Find the sq. root of .5 correct to the 6th decimal place. 
4. Find the sq. root of 64 correct to the 6th decimal place. 
5. Find the sq. root of 1.06° correct to the 6th decimal place. 
6. Find the value of 1.0125? correct to the 4th decimal place. 
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APPLICATIONS OF SQuARE Roor. 


754. An Angle is the opening between two lines that meet 
each other. ‘Thus, the two lines AB and AC meeting, form an 
angle at A. 


755. A Right-angled Triangle is a triangle having one right 
angle, as at C. B 
‘The Base is the side on which it stands, as the line AC in 
the diagram. 
The Perpendicular is the side forming a right angle with 
the base, as the line BC. 


The Hypotenuse is the side opposite the right angle, as the 
line AB. be 7 


756. Similar Figures are figures which have the same form 
and differ only in size. 


757. The following principles, which are demonstrated in 
geometry, afford applications of square root: 


Principies.—I. The square of the hypotenuse of a right- 
angled triangle is equal to the sum of the squares of the other two 
sides; therefore, 

IL. The hypotenuse is equal to the square root of the sum of 
the squares of the other two sides. 

III. The base or the perpendicular of a right-angled triangle 
is equal to the square root of the difference of the hypotenuse and 
that of the other side. 

IV. The areas of two circles are to each other as the squares 
of their radii, diameters, or circwmferences. 

V. The ratio of the area of any two similar figures is equal to 
the square of the ratio of any two like dimensions of them; there- 
Sore, 

VI. The ratio of any two like dimensions of any two similar 
JSyures is equal to the square root of the ratio of their areas. 

VIL. The mean proportional between two numbers ts equal ta 
the square root of their product (§ 469, Il). 
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Examples. 


758. 1. The two sides of a right-angled triangle are 15 and 
25 feet respectively. What is the length of the hypotenuse? 


OPERATION. Sotution. — Squaring the 


two sides and adding, we find 
2 995 | ae 
15 25, square of one side. the sum to be $50 feet; and since 


25° = 625, square of the other side. the sum is equal to the square 


$50, square of hypotenuse. of the hypotenuse, we extract 
i the square root, and obtain 
850 = 29.15 ft. Ans. 29.15 feet, the hypotenuse. 


2. A circular skating rink has a diameter of 75 feet. 


What would be the diameter of a similar rink with } the area? . 


8. If an army of 55225 men is drawn up in the form of a 
square, how many men will there be on a side? 

4. The diagonals of two similar rectangles are as 6 to 13. 
How many times does the larger contain the smaller ? 

5. The sides of two square blocks are 5 feet and 10 feet 
respectively. How do they compare in area? 

6. A man has 200 yards of carpeting 1} yards wide. 
What is the length of one side of the square room which 
this carpet will cover ? 

7. How many rods of fence will be required to inclose 10 
acres of land in the form of a square ? 

8. The end of a Maypole, broken 39 feet from the top, 
struck the ground 15 feet from the foot. What was the 
height of the pole? 

9. A ladder 40 feet long is so placed in a street, that with- 
out being moved at the foot, it will reach a window on one 
side 33 feet, and on the other side 21 feet, from the ground. 
What is the breadth of the street ? 

10. Two men start from one corner of a park one mile 
square, and travel at the same rate. A goes by the walk 
around the park, and B takes the diagonal path to the oppo- 
site corner, and turns to meet A at the side. Tow many rods 
from the corner will the meeting take place ? 


a 
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11. The top of a castle is 45 yards high, and the castle is 
surrounded by a ditch 60 yards wide. What would be the 
length of a rope that would reach from the outside of the 
ditch to the top of the castle ? 

12. A ladder 52 feet long stands close against the side of a 
building. How many feet must it be drawn out at the bottom 
that the top may be lowered 4 feet ? 

13. A room is 20 feet long, 16 feet wide, and 12 feet high. 
What is the distance from one of the lower corners to the 


opposite upper corner ? 


14. It requires 63.39 rods of fence to inclose a circular 
field of 2 acres. What length will be required to inclose 3 
acres in circular form ? 

15. The radius of a certain circle is 5 feet. What will 
be the radius of another circle containing twice the area of 
the first ? 

16. A certain circular race track has a diameter of 1500 
feet. What would be the diameter of a similar track 4 times 
as large ? 

17. If it costs $ 167.70 to inclose a circular pond containing 
17 A. 110 sq. rd., how much will it cost to inclose another } as 
large ? 

18. If a cistern 6 feet in diameter holds 80 barrels of water, 
what is the diameter of a cistern of the same depth that holds 
1200 barrels ? 


Find a mean proportional between: 


19. 36 and 81. 21. G4and 12.25. 23. 38 and ¢. 
20. 42 and 168. 22. 8 and 288. 24. 24 and 199. 


25. The end of a pole broken 25 feet from the top struck 
the ground 15 feet from the foot. What was the height of the 
pole ? 

26. A tub of butter weighed 36 pounds by the grocer’s 
scales, but being placed in the other scale of the balance 


it weighed only 30 pounds. What was the true weight of 
the butter ? 
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CUBE ROOT. 


759. The Cube Root of a number is one of the three equal 
factors that produce the number. Thus, the cube root of 343 
is 7, since 7 x 7 x 7 = 343. 

To derive the method of extracting the cube root of a number, it is 
necessary to determine: 

I. The relative number of places in a given number and its cube root. 

Il. The relations of the figures of the root to the periods of the number. 

I. The law by which the parts of a number are combined in the 
formation of its cube (§ 735). 


760. The relative number of places in a given number and 
its cube root is shown in the following illustrations : 


Roots. Cubes. Roots. Cubes. 
1 1 

9 729 10 1,000 

99 907,299 100 : 1,000,000 

999 997,002,999 1000 1,000,000,000 


I. From these examples, we perceive : — 

(1) That a root consisting of 1 place may haye from 1 to 8 places in 
the cube. 

(2) That, in all cases, the addition of 1 place to the root adds 8 places 
to the cube. 


761. Hence we have the following principles: 


Prinoiprtes. —I. If we point off a number into three-figure 
periods, commencing at the right hand, the number of full 
periods and the left-hand full or partial period will indicate 
the number of places in the cube root. 


Il. To ascertain the relations of the several figures of the root to the 
periods of the number, observe that if any number, as 5423, is decom- 
wosed, the cubes of the parts will be related in local value, as follows: 

50003 = 125 000 000 000 
54003 = 157 464 000 000 
54205 = 159 220 088 000 
54288 = 159 484 621 967. 


Il. The cube of the first term of the root is contained wholly 
in the first period of the power; the cube of the first two terms 
of the root is contained wholly in the first two periods of the 
power; and so on. 
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III. Since the cube of a number expressed in tens and units = ¢ + 3¢7u 
+ 3 tu? + u®, if we take away the cube of the tens, ¢, the remainder will 
be 3 u + 3 tu? + ui. 


Ill. If the cube of the tens is subtracted from the entire cube, 
the remainder will be three times the product of the tens squared 
by the units, plus three times the tens by by the units squared, plus 
the cube of the units. 

Examples. 

762. To extract cube root. 

1. What is-the length of one side of a cubical block con. 
taining 413494. solid inches ? 


GEOMETRICAL EXPLANATION, 


OPERATION — COMMENCED. Sorution. — Since the block is a cube, its 
413,494 74 74. side will be the cube root of its solid con- 
343 tents, which we proceed tocompute. Point- 


See ing off the given number, the two periods 
14700 = 7049+ show that there will be two figures, tens 
and units, in the root. The tens of the root must be extracted from the 
first period, 413 thousands. The greatest cube in 413 thousands is 043 
thousands, the cube of 7 tens; we therefore write 7 tens in the root at 
the right of the given number. 

Since the entire root is to be the side of a cube, let us form a cubical 
block (Fig. I), the side of which is 70 inches in length. The contents of 
this cube are 70 x 70 x 70 = 348000 solid inches, which we subtract from 
the given number. This is done in 
the operation by subtracting the cube 
number, 348, from the first period, 
413, and to the remainder bringing 
down the second period, making the 
entire remainder 70494. 

If we now enlarge our cubical block 
(Fig. I) by the addition of 70494 solid 
inches, in such a manner as to preserve 
the cubical form, its size will be that 
of the required block. ‘To preserve 
the cubical form, the addition must be 
i = made upon three adjacent sides or 

Fig. 1. faces. The addition will therefore be 

composed of 3 flat blocks to cover 

the 3 faces (Fig. Il) ; 3 oblong blocks to fill the vacancies at the edges 
(Fig. II1) ; and 1 small cubical block to fill the vacancy at the corner 
(Big. IV). Now, the thickness of this enlargement will be the addi- 
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tional length of the side of the cube, and, consequently, the second figure 
in the root. To find thickness, we may divide solid contents by surface 
or area (§ 120). But the area of the 3 oblong blocks and little cube cannot 
be found till the thickness of the addi- 
tion is determined, because their com- 
mon breadth is equal to this thick- 
ness. We must therefore find the area 
of the 3 flat blocks (Fig. Il), which is 
sufficiently near the whole area to 
be used as a trial divisor. As these 
are each equal in length and breadth 
to the side of the cube whose faces 
they cover, the whole area of the 
three is 70 x 70 x 3= 14700 square 
inches. This number is obtained in 
the operation by annexing 2 ciphers 
to 8 times the square of 7; the 
result being written at the left hand 
of the dividend. Dividing, we obtain 
4, the probable thickness of the addi- 
tion, and the second figure of the 
root. With this assumed term, we must complete our divisor by adding the 
area of the 4 blocks, before undetermined. ‘The 3 oblong blocks are each 
70 inches long; and the little cube, being equal in each of its dimensions 
to the thickness of the addition, must 
be 4 inches long. Hence, their united 
length is 70 + 70 + 70 + 4 = 214, 
This number is obtained in the op- 
eration by multiplying the 7 by 3, and 
annexing the 4 to the product, the 
result being written in column I, on 
the next line beiow the trial divisor. 
Multiplying 214, the length, by 4, the 
common width, we obtain 856, the 
area of the four blocks, which added 
to 14700, the trial divisor, makes 
15556, the complete divisor ; and mul- 
tiplying this by 4, the second figure 
in the root, and subtracting the prod- 
uct from the dividend, we obtain a 
remainder of 8270 solid inches. With 
this remainder, for the same reason 
as before, we must proceed to make a new enlargement. But since we 
haye already two figures in the root, corresponding to the two periods 
of the given number, the next figure of the root must be a decimal; and 
we therefore annex to the remainder a period of three decimal ciphers, 


making 8270.000 for a new dividend. 


Fig. IIL. 


al 
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The trial divisor to obtain the thickness of this second enlargement, 
or the next figure of the root, will be the area of three new flat blocks to 
cover the three sides of the cube al- 


OPERATION — CONTINUED, ready formed ; and this surface to be 
413,494 74. covered (Fig. IV) is composed of | face 

it, “ine 343 of each of the flat blocks already used, 
ss i 2 faces of each of the oblong blocks,and 
14700 70494 3 faces of the little cube. But we 

Zia 856115556 62224 have in the complete divisor, 15556, 


1 face of each of the flat blocks, 
8270.009 — oblong blocks, and little eube ; and in 
the correction of the trial divisor, 
856, 1 face of each of the oblong 
blocks and of the little cube; and in 
the square of the last root figure, 16, a 
third face of the little cube. Hence, 
16 + 856 + 15556 = 16428, the signifi- 
cant figures of the new trial divisor. 
‘Yhis number is obtained in the opera- 
tion by adding the square of the last 
root figure mentally, and combining 
units of like order, thus: 16, 6, and 
6 are 28, and we write the unit figure 
in the new trial divisor; then 2 to 
carry, and 5 and 6 are 12, ete. We 
annex 2 ciphers to this trial divisor, 
as to the former. Or we may obtain 
this trial divisor, in the same way 
as the first one, by taking 3 times the square of 74 (which we regard 
as the first part), with one cipher annexed. Dividing, we obtain 6, the 
third figure in the root. To complete the second trial divisor, after the 
manner of the first, the correction may be found by annexing .5 to 3 
times the former figures, 74, and multiplying this number by .6. But as 


Fia, IV. 


OPERATION — CONTINUED. 
413,494 [74.5 
L 106 343 
14700-70494 
15556 62224 
16428.00 8270.00 
111.25 |16539.25 $269,625 
B15 


we have, in column I, 3 times 7, with 4 annexed, or 214, we need only 
multiply the last figure, 4, by 3, and annex .5, making 2225, which, 


214 | 856 


222.5 
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multiplied by .5, gives 111.25, the correction required. Then we obtain 
the complete divisor, 16539.25, the product, 8269.625, and the remainder, 
.875, in the manner shown by the former steps. 


ARITHMETICAL EXPLANATION. 


We find that the greatest cube in 413494 is 343000, whose cube root is 
70, which we write at the right. Since the cube of a number divided into 
any two parts is equal to the cube of the first part, plus 3 times the square 
of the first by the second, plus 3 times the first by the square of the second, 
plus the cube of the second part (§ 785), therefore, having found the cube 
of the first part 70, which is 343000, the remainder 70494 must be equal 
to 3 times the square of the first part by the second part (?), plus 3 times 
the first part by the square of the second part, plus the cube of the second 
part. Since we do not know the second part, we take as a trial divisor 
8 times the square of the first, which is 14700, and we find that the second 
part is about 4. The product of the quotient by the trial divisor will be 
3 times the square of first by the second. ‘To this must be added 3 times 
the first by the square of the second = 3 x 70 x 4* (but since the 4 in the 
quotient forms one of these factors we add to the trial divisor 3 x 70 
x 4 = 840), and the cube of the second, making the square 4 x 4 for 
addition to the trial divisor, and our complete divisor will be 14700 + 840 
+ 16 = 15556, which multiplied by the quotient figure 4 gives a product 
of 62224. With the remainder, we proceed as before and the root is 
(4.5 +. 


Rute.—I. Point off the given number into periods of three 
Jigures each, counting from units’ place toward the left for whole 
numbers and toward the right for decimals. 

Il. Find the greatest cube that does not exceed the left-hand 
period, and write its root for the highest term in the required root ; 
subtract the cube from the left-hand period, and to the remainder 
bring down the next period for a dividend. 

Ill. At the left of the dividend write three times the square of 
the first term of the root, and annex two ciphers, for a trial divisor ; 
divide the dividend by the trial divisor, and write the quotient for 
a trial term in the root. 

IV. Annes the trial term to three times the first term, and write 
the result in a column marked I, one line below the trial divisor ; 
multiply this term by the trial term, and write the product on the 
same line in a column marked IL; add this term as a correction 
to the trial divisor, and the result will be the complete divisor. 
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V. Multiply the complete divisor by the trial term, and subtract 
the product from the dividend, and to the remainder bring down 
the next period for a new dividend. 

VI. Add the square of the last term of the root, the last term 
in column II, and the complete divisor together, and annex two 
ciphers, for a new trial divisor; with which obtain another trial 
term in the root. 

VII. Multiply the units of the last term in column I by 3, and 
annex the trial term of the root for the next term cf column 1; 
multiply this result by the trial term of the root for the neat term 
of column IL; add this term to the trial divisor for a complete 
divisor, with which proceed as before. 

VIII. If there is a remainder after the root of the last period 
ts found, annex periods of ciphers and proceed as before. The 
Jigures of the root thus obtained will represent decimals. 


Note, —If at any time the product is greater than the dividend, ditwinish the trial term 
of the root, and correct the erroneous work. Ifa cipher occurs in the root, annex two more 
elphers to the trial divisor, and another period to the dividend; then proceed as before with 
column I, annexing both cipher and trial term. The cube root of a fraction may be found 
by extracting the cube root of the numerator and denominator. In extracting the cube root 
of decimal numbers, begin at units’ place and proceed toward tho right, to separate into 
periods of three figures each, 


1. What is the cube root of 79.112? 


OPERATION. 
79.112 | 4.2928 + Ans. 
L LT 64. 
4800 15112 


5044 10088 

529200 5024000 

540621 4865589 

55212300 158411000 
55288044 110476088 
5526379200 47984912000 
5527409344 44219274752 

3715637248, Rem. 


128768 | 10350144 


Find the cube root of: 


2. 389017. 4. .091125. 6. 111}. 8. 5. 
3. 44361864. 5. 30.625. 7. .005. 9. 4. 
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Find the values of the following expressions : 


10. 122615327232. 12. “V39308. 
_ V9/T3E217 7328. 13. Vis x V4 


14. ae much does the sum of the cube roots of 50 al 31 
exceed the cube root of their sum ? 
763. To abbreviate the extraction of cube root. 


In applying contracted decimal division to the extraction of the cube 
root of numbers, we observe: 

(1) For each new figure in the root, the terms in the operation extend 
to the right 3 places in the column of dividends, 2 places in the column 
of divisors, and 1 place in column I. Hence, 

(2) If at any point in the operation we omit to bring down new periods 
in the dividend, we must shorten each succeeding divisor 1 place, and 
each succeeding term in column I, 2 places. 


1. What is the cube root of 189, correct to $ decimal places? 


OPERATION. So.urion. — We pro- 
5.73879355-+ Ans. ceed by the usual method 
al ee Se to extract the cube root 
189.000,000 of the given number until 
I. TL. 125 we have obtained the 
three figures 5.73: the 
7500 64 000 di 

corresponding remainder 
157 1099 | 8599 «60.193 is 867483, and the next 
974700 3807000 trial divisor with the 
4713 139 | 979839 2.939517 ciphers omitted is 984987. 
ee Ee Alte We now omit to bring 
984.987 867483* down a period of ciphers: 
1719 1875 | 986362 789090 thus contracting the divi- 
—— CT = F dend 38 places; and we 
a 98774 78393 contract the divisor an 
17 12 | 98786 69150 equal number of places 

RAEN EN Pp 
9880 9243 by omitting to annex the 
two ciphers, and regard- 

2, x A ? 5 
pees... “8892 ing the right-hand figure, 
988 351 7, as a redundant figure. 
296 Then dividing, we obtain 
[SSS ESS 8 for the next figure of 
99 55 the root. To complete 
50 the divisor, we obtain a 
iy 2 5 correction, 1375, con- 
5 tracted 2 places by omit- 


ting to annex the trial 


ail 
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term of the root, 8, to the first factor, 1719, and regarding the right-hand 
figure, 9, as redundant in multiplying. Adding the contraction to the 
contracted divisor, we have the complete divisor, 986362, the right-hand 
figure being redundant. Multiplying by 8 and subtracting the product 
from the dividend, we have 78393 for a new dividend. Then to form the 
new trial divisor, we disregard the square of the root term, 8, because 
this square consists of the same orders of units as the two rejected places 
in the divisor; and we simply add the correction, 1375, and the complete 
divisor, 986362, and rejecting 1 figure, thus obtain 98774, of which the 
right-hand figure, 4, is redundant. Dividing, we obtain 7 for the next 
root figure. Rejecting 2 places from the last term in column I, we have 
17 for the next contracted term in this column. We then obtain, by the 
manner shown in the former step, the correction, 12, the complete divisor, 
98786, the product, 69150, and the new dividend, 9243. We then obtain 
the new trial divisor, 9880; and as column I is terminated by rejecting 
the two places, 17, we continue the contracted division as in square root, 
and thus obtain the entire root, 5.78879355+, which is correct to the last 
decimal place, and contains as many places as there are places in the 
periods used. 


Rure.—I. Jf necessary, annex ciphers to the given number, 
and assume as many terms as there are places required in the 
root; then proceed by the usual method until the assumed terms 
have been employed. 

IL. Form the newt trial divisor as usual, but omit to annex the 
two ciphers, and reject one place in forming each subsequent trial 
divisor. 

III. In completing the contracted divisors, omit at first to 
annex the trial term of the root to the term in column I, and 
reject two places in forming each succeeding term in this column. 

IV. In multiplying, regard the right-hand term of each con- 


tracted term, in column I and in the column of divisors, as 
redundant. 


Notrs.—1. After the contraction commences, the square of the last root term is disre- 
garded in forming the new trial divisors. 


' 2. Employ only fudd periods in the number. 


Find the cube root of : 

2. 24, correct to 7 decimal places. 

3. 12000.812161, correct to 9 decimal places. 
4. .171467, correct to 9 decimal places. 
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Find the value of: 
5. V& to 6 places. 7. 1.055 to 6 places. 
6. >/1.08674325? to 6 places. 8. V.571428 to 9 places. 


APPLICATIONS OF CuBr Roor. 


764. The following principles of geometry afford applica 
tions of cube root. 

Privnciptes.—I. The ratio of two similar solids is equal te 
the cube of the ratio of any two like dimensions. 

Il. Lhe ratio of any two like dimensions of similar solids is 
equal to the cube root of the ratios of the solids. 


Examples. 

765. 1. The lengths of two similar solids are 4 inches and 
50 inches. The first contains 16 cubic inches. What does the 
second contain ? 

2. Ifa ball 5 inches in diameter weighs 8 pounds, what will 
be the weight of a similar ball 10 inches in diameter ? 

8. I have two cubical boxes. The side of the smaller con- 
tains 6 inches, and of the larger, 10 inches. How many times 
would the larger contain the smaller? 

4. What is the length of one side of a cistern of cubical 
form, containing 1331 solid feet ? 

5. The pedestal of a certain monument is a square block of 
granite, containing 373248 solid inches. What is the length 
of one of its sides ? 

6. A cubical box contains 474552 solid inches. What is the 
area of one of its sides ? 

7. A man wishes to make a bin to contain 125 bushels, of 
equal width and depth, and length double the width. What 
must be its dimensions ? 

8. If a cable 4 inches in circumference will support a sphere 
2 feet in diameter, what is the diameter of that sphere which 
will be supported by a cable 5 inches in circumference ? 
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ROOTS OF ANY DEGREE. 


766. Any root whatever may be extracted by means of the 
square and cube roots, as will be seen in the two cases which 
follow. 

Examples. 


767. When the index of the required root contains no other 
factor than 2 or 3. 

We have seen that if we raise any power of a given number to any re- 
quired power, the result will be that power of the given number denoted 
by the product of the two indices (§ 732, III). Conversely, if we ex- 
tract successively two or more roots of a given number, the result must 
be that root of the given number denoted by the product of the indices. 


1. What is the 6th root of 2176782336 ? 


OPERATION. 


P Sotution. — The index of the required 
6=2x3 te ¢ 
nies a root is 6 =2 x 3; we therefore extract 
V 2176782336 = 46656 the square root of the given number, and 
N/46656 = 36 Ans. the cube root of this result, and obtain 
0 36, which must be the 6th root required. 
Yr; 


Or, we first find the cube root of the given 

8/1767 82336 — 1296 number, and then the square root of the 
. ee result, as in the operation. 

V1296 =36 Ans. , 


Rue. — Separate the index of the required root into its prime 
factors, and extract successively the roots indicated by the several 
factors obtained ; the final result will be the required root. 

2. What is the 6th root of 6321363049 ? 

8. What is the 4th root of 5636405776 ? 

4. What is the 8th root of 1099511627776? 

5. What is the 6th root of 25632972850442049 ? 

6. What is the 9th root of 1.577635 ? 


Notr. —Extract the cube root of the cube root by the contracted method, carrying the 
root in each operation to 6 decimal places only. 


7. What is the 12th root of 16.3939 ? 
8. What is the 18th root of 104.9617 ? 


448 EVOLUTION. 


768. When the index of the required root is prime, or contains 
any other factor than 2 or 3. 

To extract any root of a number is to separate the number 
into as many equal factors as there are units in the index of 
the required root; and it will be found that if by any means 
we can separate a number into factors nearly equal to each 
other, the average of these factors, or their sum divided by the 
number of factors, will be nearly equal to the root indicated 
by the number of factors. 

1. What is the 7th root of 308? 

OPERATION, 
V/308 = 2.59 + 
V308 = 2.04 + 
2.59 + 2.04 = 4.63 
4.63-—- 2=2.31, assumed root. 


2.318 = 151.93 

808 + 151.93 = 2.0272 + 

2.31 x 6 + 2.0272 = 15.8872 

15.8872 + 7 = 2.2696, 1st approximation. 


2.26968 = 136.6748 

808 + 136.6748 = 2.253452 + 

2.2696 x 6 + 2.253452 = 15.871052 
15.871052 + 7 = 2.267293, 2d approximation. 


So.ution. — We first find the 6th root, and also the 8th root of 308; 
and since the 7th root must be less than the former and greater than the 
latter, we take the average of the two, or one half of their sums, 2.31, 
and call it the assumed root. We next raise the assumed root, 2.31, to 
the 6th power, and divide the given number, 308, by the result, and 
obtain 2.0272 + for a quotient; we thus separate 308 into 7 factors, 6 of 
which are equal to 2.31, and the other is 2.0272. As these 7 factors are 
nearly equal to each other, the average of them all must be a near ap- 
proximation to the 7th root. Multiplying the 2.51 by 6, adding the 
2.0272 to the product, and dividing this result by 7, we find the average 
to be 2.2696, which is the first approximation to the required root. We 
next divide 308 by the 6th power of 2.2696, and obtain 2.253452 + fora 
quotient; and we thus separate the given number into 7 factors, 6 of 
which are each equal to 2.2696, and the other is 2.253452. Finding the 
average of these factors, as in the former steps, we have 2.267293, which 
is the 7th root of the given number, correct to 5 decimal places. 
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Rute.—I. Find by trial some number nearly equal to the 
required root, and call this the assumed root. 


Il. Divide the given number by that power of the assumed 
root denoted by the index of the required root less 1; to this quo- 
tient add as many times the assumed root as there are units in 
the index of the required root less 1, and divide the amount by tLe 
index of the required root. The result will be the first approxi- 
mate root required. 

Ul. Take the last approximation for the assumed root, with 
which proceed as with the former, and thus continue till the 
required root is oblained to what is considered a sufficient degree 
of exactness. 


Norrs. —1. The involution and division in all cases will be much abridged by decimal 
contraction, 

2. If the index of the required root contains the factors, 2 or 8, we may first extract the 
square or cube root as many times, successively, as these factors are found in the index, 
after which we must extract that root of the result which is denoted by the remalning factor 
of the index, Thus, if the 15th root were required, we should first find the cube root, then 
the Sth root of this result. 


2. What is tlie 20th root of 617 ? 


OPERATION. 
20=2x2x5 
W/61T = 24.839485 + 
V24,839485 = 4.983923 + 
V4£983923 = 1.378206 + Ans. 
3. What is the 5th root of 120, 3d approximation? 
4. What is the 7th root of 1.95678, Ist approximation? 
5. What is the 10th root of 743044, 2d approximation? 
6. What is the 15th root of 15, 2d approximation ? 
7. What is the 25th root of 100, 2d approximation ? 
8. What is the 5th root of 5, 2d approximation ? 
9. What is the 5th root of 244, 2d approximation ? 
10. What is the 5th root of 1023, 2d approximation? 
11. What is the 7th root of 16390, 2d approximation ? 
12. What is the 10th root of 144, 2d approximation? 
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PROGRESSIONS. 


769. A Progression or Series is a succession of numbers that 
increase or decrease by a common law. 

770. The Terms of a series are the numbers of which it is 
composed. 

771. The Extremes are the first and last terms. 

772. The Means are the intermediate terms. 

773. An Ascending Series is one in which each term is greater 
than the one preceding, and a Descending Series is one in which 
each term is less than the one preceding. ‘Thus, 3, 5, 7, 9, 
11, ete., is an ascending series, and 15, 10, 7, 4, etc., is a descend- 
ing series. 

774. The Law of a series is the relation existing between the 
terms or the rate of increase or decrease of the terms. 


ARITHMETICAL PROGRESSION. 


775. An Arithmetical Progression, or Series, is a series of 
numbers increasing ‘or decreasing by a constant common dif 
ference. Thus, the ascending and descending series given in 
§ 773 are arithmetical progressions. 

776. The Common Difference is the difference between any 
two adjacent terms. 

777. There are five parts in an arithmetical series, any three 
of which being given, the other two may be found. They are 
as follows: 

First term, Common difference, 
Last term, Sum of all the terms. 
Number of terms, 

4650 


— 
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778. The conditions of a problem in progression may be such 
as to require any one of the five parts from any three of the 
four remaining parts; hence, in Arithmetical Progression 
there are 5 x 4 = 20 cases, or classes of problems, and no 
more, requiring each a different solution. 

: Examples. 

779. To find one of the extremes when the other, the common 
difference, and number of terms are given. 

1. Let 2 be the first term of an ascending series of § terms, 
and 3 the common difference. Find the last term. The series 
will be written 2, 5, 8, 11, 14, ete., or analyzed, thus, 2, 2 + 3, 
24+343,24+34+34+3,24+343434+3. 

OPERATION. So.ution.— Since the series 
TX8=21 will be 2, 5, 8, 11, 14, or analyzed 


¢ 2,243, 24+3+43,24+3434 
2 = . , 
istterm, 2, +21=23,lastterm Ans. 8, 2-P3458 840 lone 


see that in an ascending series, we obtain the second term by adding 
the common diiierence once to the first term; the third term, by add- 
ing the common difference twice to the first term; the fourth term, by 
adding the common difference three times to the first term, etc.; and, in 
general, we obtain @ny term by adding the common difference as many 
times to the first term as there are terms less one. Hence, the last term 
will be equal to the first term, 2, plus 7 x 3 = 23 Ans. 

Rue. — Multiply the common difference by the number of 
terms less 1, und add the product to the first term, if the series is. 
ascending, and subtract it if the series is descending. 


Nore. —In other words, fo find the last term, multiply the common difference by the 
number of terms less 1 and add the first terin; to ind the sirst term, multiply the com- 
mon difference by the number of terms less 1 and subtract tho last term, 


2. The first term of an ascending series is 4, the common 
difference 3, and the number of terms 19. What is the last 
term ? 

3. What is the 13th term of a descending series whose 
first term is 75, and common difference 5? 

4. The first term of an arithmetical progression is 5, the 
common difference 4, and the number of terms 8. What is 
the last term ? 

5. If the first term of an ascending series is 2, and the 
common difference 3, what is the 50th term ? 
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@. The first term of a descending series is 100, the common 
difference 7, and the number of terms 13. What is the last 
term ? 

7. If the first term of an ascending series is 3, the common 


difference $, and the number of terms 20, what is the last 


term ? 

8. A boy bought 18 hens, paying 2 cents for the first, 5 
cents for the second, and 8 cents for the third, in arithmetical 
progression. How much did he pay for the last hen? 

9. What is the 40th term of the series }, %, 1, 1}, ete. ? 

10. A man travels 9 days; the first day he goes 20 miles, 
the second 25 miles, increasing his distance 5 miles each day. 
How far does he travel the last day of his journey ? 

11. What is the amount of $100, at 7%, for 45 years ? 


780. To find the common difference when the extremes and num- 
ber of terms are given 
1. The first term is 2, the last term 23, and the number of 
terms $8. What is the common difference ? 
OPERATION. Sorurion.— Referring tothe 


Last term 23 — 1st term 2 = 21 series, 2, 5, 8, 11,14, analyzed 
in § 779, we readily see that, 


8—1=7; 21+7=3,Com. Dif. Ans. py subtracting the first term 


from any term, we have left the common difference taken as many times 
as there are terms less 1. Thus, by taking away 2 in the fifth term, 2 


a 


+8+3-+3 +3, we have left 12, which is 4 times 3. Hence, we divide 
the difference between 2 and 28, 21, by 8—1=7, and find the common 
difference 3. 

Rute. — Divide the difference of the extremes by the number of 
terms less 1. 


2. If the extremes of an arithmetical series are 3 and 18, 
and the number of terms 7, what is the common difference ? 

3. The extremes are 1 and 51, and the number of terms 
is 76. What is the common difference ? 


4. The first term is 2, the last term is 17, and the number 
of terms is 6. What is the common difference ? 
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5. A man has seven children whose ages are in arithme: 
ical progression; the youngest is 2 years old, and the eldest 14. 
What is the common difference of their ages ? 


6. The extremes of an arithmetical series are 1 and 50}, 
and the number of terms is 34. What is the common differ- 
ence ? 

7. An invalid commenced to walk for exercise, increasing 
the distance daily by a common difference; the first day he 
walked 3 miles, and the 14th day 94 miles. How many miles 
did he walk each day ? 


Notr. — When wo have found the common difference, we may add {t once, twice, ete., 
to the first term, and we have the series, and consequently the means, 


8. The first term of an arithmetical progression is 5, the 
last term 54, and the number of terms 8. What is the com- 
mon difference ? 

9. The extremes are .05 and .1, and the number of terms 
is 8. What is the common difference ? 

10. If the extremes are 0 and 2}, and the number of terms 
is 18, what is the common difference ? 


781. To find the number of terms when the extremes and com- 
mon difference are given. 


1. The extremes are 2 and 23, and the common difference 
8. Find the number of terms. 


OPERATION. Sorution. — Examining the series, 2 
OP — Oy SONT 5, 8, 11, 14, analyzed in § 779, we see 
1+3=7 that after taking away the Jirst term 


from any term we have left the com- 

7+1=8,No. terms Ans. mon difference taken as many times as 

the number of terms less 1. Hence we 

take away 2, the first term, from 23, the last term, and the remainder, 

21, is 7 times 3. Since 7 is the number of terms less 1, the number is 
7+1=8. 


Rure. — Divide the difference of the extremes by the common 
difference, and add 1 to the quotient. 


2. The extremes are 5 and 75, and the common difference is 
5. What is the number of terms ? 


ree 


— ae om e 2 ee ee, ee ee ee 
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3. The first term is 24, the last term is 40, and the common 
difference is 7}. What is the number of terms? 

4. A laborer agreed to build a fence on the following con- 
ditions: for the first rod he was to have 6 cents, with an 
increase of 4 cents on each successive rod; for the last rod he 
received 226 cents. How many rods did he build ? 

5. The extremes are } and 20, and the common difference 
is 6}. Find the number of terms. 

782. To find the sum of all the terms when the extremes and 
number of terms are as 

1. The extremes are 2 and 14, and the number of terms 5. 
WWE is the sum of the series ? 

OPERATION. 
2+°5+ 84+11+14= 40, once the sum. 
f4eriete +t o-+- 2=40, «§ « 
16+16 +16 + 16 + 16 = 80, twice the sum. 
80 + 2 = 40, the sum Ans. 

Sotution. —To deduce a rule for finding the swm of all the terms, we 

will take the series 2, 5, 8, 11, 14, writing it under itself in an inverse 


order, and add each term. 
Here we perceive that 16, the sum of the extremes, multiplied by 5, 
the number of terms, equals 80, which is twice the sum of the series. 


Dividing 80 by 2 gives 40, which is the sum required. 


Rue. — Multiply the sum of the extremes by the number of 
terms, and divide the product by 2. 

2. The extremes are 5 and 32, and the number of terms 12. 
What is the sum of all the terms ? 

3. How many strokes does a common clock make in 12 
hours ? 

4. What debt can be discharged in a year by weekly pay- 
ments in arithmetical progression, the first being $24, and 
the last $1224 ? 

5. Suppose 100 apples were placed in a line 2 yards apart, 
and a basket 2 yards from the first apple. How far would a 
boy travel to gather them up singly, and return with each 
separately to the basket ? 
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783. By reversing some one of the four problems now 
given, or by combining two or more of them, all of the 
sixteen remaining problems of Arithmetical Progression may 
be solved or analyzed. : 


1. The extremes are 0 and 250, and the number of terms is 
1000. What is the sum of the series ? 

2. A person wishes to discharge a debt in 11 annual pay- 
ments such that the last payment shall be $220, and each 
payment greater than the preceding by $17. Find the amount 
of the debt, and the first payment. 

3. The first term of an arithmetical progression is 4, the 
common difference 5, and the number of terms 7. What is 
the sum of the series ? 


Norr. — First find the last term by § 779, and then proceed as in § 782. 


4. The extremes of an arithmetical progression are 8 and 
64, and the common difference is 8. What is the sum of the 
series ? 

Nortr. — First find the number of terms by § 781, and then proceed as in § 782. 

5. A man traveled 13 days; his last day’s journey was 80 
miles, and each day he traveled 5 miles more than on the pre- 
ceding day. How far did he travel, and what was his first 
day’s journey ? 

6. A bag of sand dropped from a balloon falls 16}; ft. the 
first second and 32} ft. more each second than the one pre- 
ceding. How far does it fall in 10 seconds ? 

7. The distance between two places is 360 miles. In how 
many days can it be traveled by a man who travels the first 
day 27 miles, and the last day 45, each day’s journey being 
greater than the preceding by the same number of miles ? 

8. A farmer pays $1196 in 13 quarterly payments in such 
a way that each payment is greater than the preceding by 
$12. What are his first and last payments ? 

9. Find the first and last terms of an arithmetical pro- 


gression whose sum is 408, common difference 6, and number 
of terms 8. 
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GEOMETRICAL PROGRESSION. 


784. A Geometrical Progression is a series of numbers increas 
ing or decreasing by a constant multiplier. 


785. When the multiplier is greater than a unit, the series is 
Ascending. When the multiplier is /ess than a unit, the series 
is Descending. 


Thus, 2, 6, 18, 54, 162, is an ascending series, in which 3 is the mul- 
tiplier. 162, 54, 18, 6, 2, is a descending series, in which 4 is the 
multiplier. 


786. The Ratio is the common multiplier. 

787. In every geometrical progression there are jive parts 
to be considered, any é/uree of which being given, the other tio 
may be determined. They are as follows: 


First term, Ratio, 
Last term, Sum of all the terms. 


Number of terms, 


788. Hence, as in Arithmetical Progression there are twenty 
different classes of problems, but the solution of all may be 
derived from the principles set forth in the following cases. 


Examples. 


789. To find one extreme, the other extreme, the ratio, and the 
number of terms being given. 


1. The first term of a geometrical ratio is 2 and the multi- 
plier or ratio is 3. What is the fourth term ? 


OPERATION. Sotution.—The first term exists inde- 

33 — 97 pendently of the ratio. Since the number is 

a3 multiplied by 3, the second term is 2 x 3, the 

2x 2= 54, 4th term third term 2 x 3 x 3, or 2 x 3?, the fourth 

8. term 2x3x3x3 or 2x 3% Using the 

ratio once as a factor, gives the second term; using it twice er its second 

power, the third term ; using it three times or its third power, the fourth 

term. The third power of 3 is 27, and the first term, 2, multiplied by 27 
gives the fourth term, 54. 
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Rure.—I. To find the last term. — Multiply the first term by 
that power of the ratio indicated by the number of terms less 1. 

II. To find the first term. — Divide the last term by that power 
of the ratio indicated by the number of terms less 1. 


2. The first term of a geometrical series is 6, the ratio 4, 
and the number of terms 6. Find the last term. 

3. The last term of a geometrical series is 192, the ratio 2, 
and the number of terms 7. What is the first term ? 

4. If the first term is 6, the ratio 4, and the number of 
terms 8, what is the last term ? 

5. The first term is 25, the ratio 4, and the number of 
terms 5. What is the last term? 

6. A boy bought 9 oranges, agreeing to pay 1 cent for the 
first orange, 2 cents for the second, and so on. How much did 
the last orange cost him ? 

7. The first term is 7, the ratio +, and the number of terms 
7. What is the last term? 

8. What is the amount of $1 at compound interest for 5 
years, at 7 % per annum ? 


Nore. — The first term here is $1, the ratio is $1.07, and the number of terms is 6. 


9. A drover bought 7 oxen, agreeing to pay $3 for the 
first ox, $9 for the second, $27 for the third, and so on. 
How much did the last ox cost him ? 

10. Find the 12th term of the series, 30, 15, 74, ete. 


790. To find the ratio, the extremes and number of terms being 

given. 
1. The first term of a geometrical progression is 2, the last 

term 54, and the number of terms 4. What is the ratio? 

; OVERATION. Sotution.—Since the last term 54 = 

54 a2 = 27 2x the third power of the ratio (§ 789), 

eT , 542 will be the ratio. Hence the 

V27 = 3, ratio Ans. ratio is 3. 

Rut. — Divide the last term by the first, and extract that root 
of the quotient indicated by the number of terms less 1; the result 
will be the ratio. 


7 
| 
| 
| 
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2. The extremes are 2 and 512, and the number of terms 
is 5. What is the ratio? 

3. The extremes are ;'; and 45,9;, and the number of terms 
is 8. What is the ratio? 

4. The extremes are 7 and .0112, and the number of terms 
is 5. What is the ratio? 

5. Insert three geometrical means between 8 and 5000. 

6. The first term of a geometrical progression is 1, the last 
term 15625, and the number of terms 7. Find the common 


ratio. 
791. To find the number of terms, the extremes and ratio being 
given. 


. The first term of a pee trical progression is 2, the last 
ee is 54, and the ratio 3. Find the number of terms. 


OPERATION. ; So.ution. —If we represent the num- 

54+ 2 = 27 ber of terms by n, 54-+2 = 3"-1(§ 790), 
a Hence 27 = a power of 8 indicated by the 

27 +3=9 number of terms less 1. Dividing 27 by 
9+38=3 8 until the quotient is 1, we find that 27 is 
8+3=1 the third power of 8. Hence n—1=3 


341=4 terms Ans. and n, the number of terms, = 4. 
Ruiz. — Divide the last term by the jist, divide this quotient 
by the ratio, and the quotient thus obtained by the ratio again, and 
so on in successive division, till the final quotient is 1. The num- 
ber of times the ratio is used as a divisor, plus 1, ts the number 
of terms. 


2. The extremes are 2 and 1458, and the ratio is 8. What 
is the number of terms ? 

3. The first term is .1, the last term 100, and the ratio 10. 
Find the number of terms. 

4. The first term is ,1,, the last term 4, and the ratio 2. 
What is the number of terms ? 

5. The extremes are 196608 and 6, and the ratio is }. What 
is the number of terms ? 
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792. To find the suri of the series, the extremes and ratio being 
given. 


1. Find the sum of a geometrical series in which the first 
-term is 2, the last term 512, and the ratio 4. 


OPERATION. 
8 4- 82 + 128 + 512 + 2048 = 2728 = § 4 ome, Heenee eles sum of all 
But 2 + 8 + 32 + 128 + 512 = 682 — $ Once they eacay of all the 
Hence, by subtracting, we get 2048 — 2 = 2046 = } Tree times the sum of all 


Dividing by 3, the ratio less 1, 2046 +3 = 682 = } Once the sum of all’ the 
(512 x 4) — 2 = 2046 ; 2046 + 3 = 682, sum Ans. 


Sorution. —If we take the series 2, 8, 32, 128, 512, in which the ratio 
is 4, multiply each term by the ratio, and add the terms thus multiplied, 
we shall have the result shown in the operation. 

‘The subtraction is performed by taking the lower line or series from 
the upper. All the terms cancel except 2048 and 2. ‘Taking their differ- 
ence, which is 3 times the sum, and dividing by 38, the ratio less 1, we 
must have the sum of all the terms. 


Rute. — Multiply the greater extreme by the ratio, subtract the 
less extreme srom the product, and divide the remainder by the 
ratio less 1. 


Nore. — Let every decreasing series be inverted, and the first term called the last; then 
tho ratio will be greater than a unit. An dnjinite series is a descending series the number 
of whose torms is infinite. If the series is dnyinite, the tirst term fs a cipher, 


2. The extremes are 3 and 384, and the ratio is 2. What is 
the sum of the series ? 

3. If the extremes are 5 and 1080, and the ratio is 6, what 
is the sum of the series ? 

4. If the first term is 44, the last term =%,, and the ratio 4, 
what is the sum of the series ? 

5. What is the sum of the infinite series, 8, 4, 2,1, 4, }, ete. ? 

6. The first term is 2, the last term 486, and the ratio 3. 
What is the sum of all the terms ? 


7. The first term is 4, the last term 262144, and the ratio 4. 
What is the sui of the series ? 


8. The first term of a descending series is 162, the last 
term 2, and the ratio}. What is the sum ? 
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9.. What is the value of 1, }., ;4,, etc., to infinity ? 

10. The extremes are 5 and 640, and the ratio is 2. What 
is the sum of the series ? 

11. If the extremes are 5 and 6480, and the ratio is 6, what 
is the sum of the series ? 

12. A merchant pays a debt in yearly payments in such a 
way that each payment is 3 times the preceding; his first pay- 
ment is $10, and his last $7290. What is the amount of the 
debt ? 

13. Aman wishes to discharge a debt in yearly payments, 
making the first payment $2, the last $512, and each pay- 
ment 4 times the preceding payment. \What is the amount 
of his indebtedness ? 

14, Find the sum of 21 terms of the series 5, 15, 45, ete. 

15. The first term of a geometrical progression is 2, the last 
term 512, andcommon multiplier 4. Find the sum of the series, 


er AT =F 


793. To find the sum of the series, the first term, the ratio, and 
the number of terms being given. 

1. The first term of a geometrical progression is 4, the ratio 

$,and the number of terms 6. What is the sum of the series ? 

OPERATION. 
4 x 3° = last term. 

4x3x38—4 4x3°—4 4x (3°—1) 

jl. | Si 

Sorution. — We have all the conditions of § 792, except that the last 

term is needed. Since the first term, the ratio, and the number of terms 


are given, we find the last term by § 789. ‘The problem is then similar to 
§ 792, and is solved in the same way. 


= 1456,sum Ans. 


Rute. — Raise the ratio to a power indicated by the number of 
terms, and subtract 1 from the result; then multiply this remain- 
der by the first term, and divide the product by the ratio less 1. 


2. The first term is 7, the ratio 3, and the number of terms 
4. What is the sum of the series ? 

3. The first term is 375, the ratio 4, and the number of 
terms 4. What is the sum of the series ? 


al 
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4. The first term is 175, the ratio 1.06, and the number of 
terms 5. What is the sum of the series ? 

5. ‘The first term is 4, the ratio 5, and the number of terms 
5. What is the sum of the series ? 

6. What yearly debts can be discharged by monthly pay- 
ments, the first being $2, the second $6, and the third $18, 
and so on in geometrical progression ? 

7. Six persons of the Morse family came to this country 200 
years ago. Suppose that their number has doubled every 20 
years since, how many have lived here up to the present time ? 


794. To find the ratio, the extremes and the sum of the series 
being given. 

1. The extremes of a geometrical progression are 2 and 
162, and the sum of the series is 242. What is the ratio? 


OPERATION. So.ution. — Let us assume in order 

249 — 2—240 He Passa peeaenen eee ae ee 
se ; ; e series will then be 2 

242 —162 = 80 Z ao 


18 + 54 + 162. If we remove the 


240+ SO= 3, ratio Ans. first term and the last term, succes- 


sively, and compare the results, 
6 + 18 + 54 + 162 
2+ 6418+ 54, 
we find that cach term in the first line is 3 times the corresponding term 
in the second linc. Hence, the sum of the first line must be 3 times the 
sum of the second line; that is to say, the sum of the series minus the 
first term, 240, divided by the sum minus the last term, 80 = the ratio, 3. 
Rute. — Divide the sum of the series minus the first term, by 
the sum of the series minus the last term. 
2. The extremes are 2 and 686, and the sum of the series is 
800. What is the ratio? 
3. ‘The extremes are } and 64, and the sum of the series is 
127%. What is the ratio? : 
4. If the sum of an infinite series is 44, and the greater 
extreme 3, what is the ratio? 


795. Every other problem in Geometrical Progression, that 
admits of an arithmetical solution, may be solved either by 
reversing or combining some of the problems already given. 
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Compounp INTEREST BY GEOMETRICAL PROGRESSION. 


796, We have seen (§ 639) ‘that if any sum at compound 
interest is multiplied by the amount of $ 1 for the given inter- 
val, the product will be the amount of the given sum or prin- 
cipal at the end of the first interval; and that this amount 
constitutes a new principal for the second interval, and so on 
for a third, fourth, or any other interval. Hence, a question 
in compound interest constitutes a geometrical. progression: 


First term = Principal. 

Ratio = 1+ rate per cent for one interval. 
Number of terms = Number of intervals plus 1. 

Last term = Amount. 


All the usual cases of compound interest and discount com- 
puted at compound interest can therefore be solved by the 
rules for geometrical progression. 


Examples. 
797. 1. Find the amount of $250 for 4 years, at 6% com- 


pound interest. 
OPERATION, 


$250 x 1.06 = $ 250 x 1.262477 = $ 315.61925 Ans. 
Sorution. — Here we have $250 the first term, 1.06 the ratio, and 5 


the number of terms, to find the last term. ‘Then by § 789 we find the 
last term, which is the amount required. 


2. What is the amount of $350 for 4 years, at 6% per 
annum compound interest ? 

8. Of what principal is $150 the compound interest for 2 
years, at 7% ? 

4, What sum at 6% compound interest, will amount to 
$ 1000 in 3 years ? 

5. In how many years will $40 amount to $53.24, at 10% 
compound interest ? 

6. At what rate per cent compound interest will any sum 
double itself in 8 years ? 

7. What is the present worth of $322.51, at 5 % compound 
interest, due 24 years hence ? 
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ANNUITIES. 


798. An Annuity is literally a sum of money which is pay- 
able annually. ‘The term is, however, applied to a sum which 
is payable at any equal intervals, as monthly, quarterly, semi- 
annually, etc. 

Nore. —The term, interval, will be used to denote the time betweon payments. 

Annuities are of three kinds: Certain, Contingent, and 
Perpetual. 


799. A Certain Annuity is one whose period of continuance 
is definite or fixed. 

800. A Contingent Annuity is one which begins or ends with 
a contingent event—as the birth or death of a person; and 
hence the period of its continuance is uncertain. 


801. A Perpetual Annuity or Perpetuity is one which con- 
tinues forever. 


802. Each of these kinds is subject, in reference to its com- 
mencement, to the three following conditions: 

1st. Jt may be deferred, é.e. it is not to be entered upon until 
after a certain period of time. 

2d. It may be reversionary, i.e. it is not to be entered upon 
until after the death of a certain person, or the occurrence of 
some certain event. 

3d. It may be in possession, i.e. it is-to be entered upon at 
once. 


803. An Annuity in Arrears or Forborne is one on which the 


payments were not made when due. Interest is to be reckoned 


on each payment of an annuity in arrears, from its maturity, 
the same as on any other debt. ‘ 

804. The Final Value or Amount of an annuity is the sum of 
all the payments plus interest on each from the time it 
becomes due till the annuity ceases. 

805. The Present Value of an annuity is the sum of money 


which at the given rate of interest will amount to the final 
value of the annuity. 


St TT OIE 
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806. The practical application of annuities includes leases, 
life estates, dower rights, rents, pensions, reversions, life 
insurance, salaries, etc. (See § 553, 6 and p. 327.) 


ANNUITIES AT SrmpLE INTEREST. 


807. In reference to an annuity at simple interest, we 


observe: 

1. The first payment becomes due at the end of the first interval, and 
hence will bear interest until the annuity is settled. 

2. The second payment becomes due at the end of the second interval, 
and hence will bear interest for one interval less than the first payment. 

3. The third payment will bear interest for one interval less than the 
second; and so on to any number of terms.  Ilence, 

4. All the payments being settled at one time, each will be less than 
the preceding, by the interest on the annuity for one interval. 

Thus if we have an annuity of $500 for 6 years, which remains un- 
paid, at the end of the first year the first payment, $500, will begin to draw 
interest for 4 years and will amount to $624 ; the second payment will draw 
interest for 3 years and will amount to $518; the third payment, for 2 
years, will amount to $512; the fourth payment, for 1 year, will amount 
to $506 ; and the fifth payment, paid when due, will draw no interest 
and hence will be the same as the annuity, $500. 


808. Hence we see that the amounts of the payments con- 
stitute a descending arithmetical series, which may be expressed 
as an ascending series, as follows: 


First term = Annuity. 

Common difference = Interest on annuity for one interval. 

Number of terms = Number of intervals between the commencement 
and settlement of the annuity. 

Last term = Annuity plus its interest for as many intervals less 
one as intervene between the commencement 


and settlement of the annuity. 
Sum of all the terms = Final Value or Amount of the Annuity. 
The rules in Arithmetical Progression will therefore sotve 
all problems in annuities at simple interest. 


Examples. 


. 809. 1. Aman works for a farmer one year and six months, 
at $20 per month, payable monthly ; and these wages remain 
unpaid until the expiration of the whole term of service. How 
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much is due to the workman, allowing simple interest at 6% 
per annum ? 
OPERATION. 


$20 + $.10 x 17 = $ 21.70, 1st term. 
eee 
$20 e210 x 18 = $ 375.30, sum Ans. 


Sotution.— Here the last month’s wages, $20, is the first term; the 
number of months, 18, is the number of terms; and the interest on 1 
month’s wages, $.10, is the common difference. Then, by § 779, we find 
the last term, which is the amount of the first month’s wages for 17 

\months ; and by § 782 we find the sum of the series, which is the sum of 
all the wages and interest. 


2. A father deposits annually for the benefit of his son, com- 
mencing with his tenth birthday, such a sum that on his 21st 
birthday the first deposit at simple interest amounts to $ 210, 
and the sum due to his son to $1860. How much is the deposit, 
and at what rate per cent is it deposited ? 


OPERATION. 
$ 1860 x 2 

a es 

210 — 100 

it 

So.urion. — Hore the $ 210, the amount of the first deposit, is the last 
term; 12, the number of deposits, is the number of terms; and $1860, 
the amount of all the deposits, and interests, is the sum of the series, 
By reversing § 782, we find the first term to be $100, which is the annual 


deposit ; and by § 780, we find the common difference to be $10; hence 
ys, or 10%, is the annual rate. 


— $210 = $ 100, deposit. 


= 10%, rate Ans. 


3. What is the amount of an-annuity of $150 for 51 years, 
payable quarterly, at 14% per quarter? 

4. In what time will an annual pension of $500 amount to 
$ 3450, at 6% simple interest ? 

5. Find the rate per cent at which an annuity of $ 6000 will 
amount to $ 59760 in 8 years, at simple interest. 

‘6. What is the present worth of an annuity of $300 for & 
years, at 6%? 

Nore. — First find the amount by § 7S2, and then the present worth by § 658. 

ROB. NEW HIGHER AR. — 30 
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ANNUITIES AT CompouND INTEREST. 


810. An Annuity at compound interest constitutes a descena- 
ing geometrical progression, which may be expressed as an ascend- 
ing geometrical progression if we regard the terms as follows: 


First term = Annuity. 

Ratio = 1+ rate per cent for one interval, expressed deci 
mally. 

Number of terms = Number of intervals. 

Last term = First term multiplied by 1 + the rate per cent for 


one interval raised to a power 1 less than the 
number of terms. 
Sum of all the terms = Final Value or Amount of the Annuity. 

811. To find the present value.— J’irst find the amount of 
the annuity at the given rate and for the given time, by § 793; 
then jind the present value of this wmount by dividing it by the 
amount of $1 at compound interest. 

812. The present value of a reversionary annuity is that 
principal which will amount, at the time the reversion expires, 
to what will then be the present value of the annuity. 

813. The present value of a perpetuity is a sum whose inter- 
est equals thé annuity. 

814. Hence, it will be seen that all questions in Annuities 
at compound interest can be solved by the rules of Geometrical 
Progression, by substituting the corresponding terms. 

Nore. — Consult the compound interest table, pp. 370, 871, to find powers. 1.067 fs the 
game as the amount of $1 for 7 years at 6%. 


Examples. 


815. 1. What is the amount of an annuity of $500 which 
is 7 years in arrears, at 6% compound interest ? 


OPERATION. 


7 
$500 x (1.06'— 1) _ ¢ 951.815 + .06 = $4196.913 Ans. 
1.06 —1 
Sorurion. — The payment now due, $500, is the first term of a geo- 
metrical ratio, 1.06, the amount of $1 for 1 year, is the ratio, and 7 the 
number of terms. Solving by § 793, we find the sum of the series, which 
is the amount of the annuity, to be $4196.91. 
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2. What is the present worth of the annuity in Ex. 1? 
OPERATION. 
$ 4196.912 + 1.50363 = $ 2791.18+ Ans. 


Sorution. —The amount of the annuity is $4196.91%. The amount 
of $1 for 7 years at 6% is $1.50363. Hence the present worth is $4196.91 
+ 1.50863 = $2791.18+. 

3. Find the annuity whose amount for 5 years, at 6% com- 
pound interest, is 2818.55. 

OPERATION. 
2 5 a Ke 
$2818.55 x 1.06—-1_ gogigss , 06 _ $169.13 


1.06 —1 = 338226 ~ 338226 °°? 
Ans. 
Sorution. — $2818.55 = sum of series; 5 = number of terms; 1.06 = 
ratio. Reversing the rule (§ 793), we find the answer to be $600. 
4. What is the present value of a reversionary lease of 
$100 commencing 14 years hence and to continue 20 years, 
compound interest at 5% ? 


OPERATION, 
$100 x (1.05" —1) _ $100 x 1.653298 _ $ 165.3298 
1.05 — 1 05 iracotOb 


= $3306.596, Final Value. 

$ 3306.596 + 5.253348 = $ 629.426, Pres. Worth. Ans. 

Soturion. — We first find the value of the annuity in arrears for the 
20 years, or its worth when it expires. $100 is the first term, 20 the 
number of terms, and 1,05 the ratio, and we find the sum of the series 
or the final value, $3306.596, by § 793. This is what the lease is worth, 
20 + 14 = 34 years hence. Since the amount of $1 for 34 years at 5% is 
$ 5.253348, $ 3306.596 + 5.253348, or $ 629.426, must be the present worth. 

5. Anannual pension of $500 is in arrears 10 years. What 
is the amount now due, allowing 6% compound interest ? 

6. Allowing 6% compound interest on an annuity of $200, 
which is in arrears 20 years, what is its present amount ? 

7. What is the present worth of an annuity of $500 for 
7 years, at 6% compound interest ? 

8. An annuity of $200 for 12 years is in reversion 6 years. 
What is its present worth, compound interest at 6% ? 

9. Find the annuity whose amount for 25 years 1s 
$16459.35, at 6% compound interest. 


hii etcetera nani, 


—— 


ail 


MENSURATION.* 
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816. Geometry treats of quantities which have extension and 
form. Such quantities are called Magnitudes. 

817. Mensuration is the process of finding the number of 
units in extension by computation or measurement. It is the 
application of arithmetic to geometry. 

818. Extension denotes that property of bodies, by virtue of 
which they occupy definite portions of space. Its dimensions 
are length, breadth, and thickness: 

819. A Point is that which has position only. 

820. Direction is relative position of points. 

821. A Line has length, but neither breadth, nor thickness. 
A Surface has length and breadth, but no thickness. A Solid 
has length, breadth, and thickness. 


LINES AND ANGLES. 
822. A Straight Line is a line that does 
not change its direction. It is the shortest 
distance between two points. 
823. A Broken or Crooked Line is one 


made up of two or more straight lines. It FSG 


changes its direction at one or more points. 


824. A Curved Line changes its direction 
at every point. iN 


825. A Uniform Curve is one that changes its direction 
regularly. : 


*Some of the problems under Mensuration have been explained before as applications 
of Multiplication, Denominate Numbers, Involution, Evolution, ete, They are here 
repeated. 
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826. A Varying Curve is one that changes its direction 
irregularly. 

827. Parallel Lines have the same direc- 
tion; and being in the same plane and equally 
distant from each other, they can never 
meet. 

828. A Horizontal Line is a line parallel to 
the horizon or water level. 

829. A Perpendicular Line is a straight line 
drawn to meet another straight line at right 
angles, that is, so as to incline no more to one 
side than to the other. 


Perpendicular, 


* . An Horizontal. 
830. A perpendicular to a horizontal line is 


called a Vertical Line. 
831. Oblique Lines approach each other, and =e 
will neet if sufficiently extended. Pr 
832. An Angie is the opening between two 
lines that meet cach other in a common point, 


called the verlex. Ya 
833. Angles sare measured by Degrees 


(§ 378). 

834. A Right Angle is an angle formed by 
two lines perpendicular to each other. 

A right angle is always equal to 90°. 

835. An Obtuse Angle is greater than a 
right angle. 

It may be equal to any number of degrees more 
than 90° and less than 180°, At 180° the two lines 
forming the angle merge into one, and become a 
straight line. 

836. An Acute Angle is less than a right 
angle. 

An acute angle may be any number of degrees less than 90°. 


837. Obtuse and acute angles are also called Oblique Angles. 
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PLANE FIGURES. 
Po1yGons. 


838. A Plane Figure is a portion of a plane surface bounded 
by straight or curved lines. 

839. A Polygon is a plane figure bounded by straight lines. 

840. The Perimeter of a polygon is the swm of its sides. 

841. The Center of a regular polygon is the point within, 
equally distant from the middle points of the sides. 

842. The Altitude of a polygon is the perpendicular distance 
from the highest point, or one of the highest points, to the line 
of the base. 

843. The Apothem of a regular polygon is the perpendicular 
line drawn from the center to the middle of a side. j 

844. The Base is the side on which « figure is supposed to 
stand. ; 

845. The Area of a plane figure is the surface included 
within the lines which bound it. 


A Regular Polygon has all its sides and all its angles equal. 
A polygon of three sides is called a Triangle; of four sides, a Tetragon, 
or Quadrilateral ; of five sides, a Pentagon, etc. 


- VOSISe 


Pentagon, Hexagon. Heptagon. Octagon. Nonagon. Decagou. 
Examples. 


846. To find the area of a regular polygon. 
1. Find the area of a regular hexagon, whose sides are each 
3 in., and the apothem 2.6 in. 
OPERATION. 


6x3 x 26+2=23.4sq.in. <Ans. 
RuLE. — Multiply the perimeter by half the apothem. 


Nore.— Be careful in finding the product of two lines to express them in the same unit, 
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2. Find the area of a regular octagon, each of whose sides 
is 4 in. and its apothem 4.82 in. 


3. Hind the area of a regular pentagon, whose side is 3} in. 
and its apothem 2.23 in. 


4. Find the area of a regular decagon, whose side is 10 ft. 
and the apothem 15.38 ft. 


TRIANGLES. 
847. A Triangle is a plane figure bounded by three sides, 
and having three angles. 
848. A Right-angled Triangle is a 
triangle having one right angle. 


849. The Hypotenuse of a right 
angled triangle is the side opposite the 
right angle. 


Perpendicular, 


850. The Base of a triangle is the side on which it may be 
supposed to stand. 


851. ‘The Perpendicular of a right-angled triangle is the side 
which forms a right angle with the base. 


852. The Altitude of a triangle is a line drawn perpendicular 
to the base from the angle opposite. 


1. The dotted - ertical lines in the figures represent the altitude. 
2. Triangles are named from the relation both of their sides and angles. 


Fia. 1. Fie. 2. Fig. 3. 
Equilateral. Isosceles, Scalene. 


853. An Equilateral Triangle has its three sides equal. 
854. An Isosceles Triangle has only two of its sides equal. 
855. A Scalene Triangle has all of its sides unequal. 
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856. An Equiangular Triangle has three equal angles. (Fig. 1.) 
857. An Acute-angled Triangle has three acute angles. (Fig. 2.) 
858. An Obtuse-angled Triangle has one obtuse angle. (Fig. 3.) 


Examples. 


859. The base and altitude of a triangle being given, to find 
its area. 

1. Find the area of a triangle whose base is 26 ft. and 
altitude 14.5 ft. 


OPERATION. 


TES x 20-+2=188} sq.ft. Or, 26 x 119 188} sq. ft., area Ans, 


“a 


Rue. — Divide the product of the base and altitude by 2. Or, 
Multiply the base by one half the altitude. 


2. What is the area of a triangle whose altitude is 10 yd. 
and base 40 ft. ? 

Find the area of a triangle 

3. Whose base is 12 ft. 6 in. and altitude 6 ft. 9 in. 

4. Whose base is 25.01 ch. and altitude 18.14 ch. 

5. What will be the cost of a triangular piece of land 
whose base is 15.48 ch. and altitude 9.67 ch., at $60 an acre? 

6. At $.40 a square yard, what is the cost of paving a 
triangular court, its base being 105 ft. and altitude 21 yd. ? 

7. Find the area of the gable end of a house that is 28 ft. 
wide, the ridge of the roof being 15 ft. higher than the foot of 
the rafters. ; 


860. The area and one dimension being given, to find the other 
dimension. 


1. What is the base of a triangle whose area is 189 sq. ft. 
and altitude 14 ft.? 


OPERATION, 


189 x 2+ 14 = 27 ft., base Ans. 


Ruz. — Doypble the area, then divide by the given dimension, 
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2. Find the altitude of a triangle whose area is 204 sq. ft. 
and base 3 yd. 


Find the other dimension of the triangle 

When the area is 65 sq. in. and the altitude 10 in. 
When the base is 42 rd. and the area 588 sq. rd. 

When the area is 64 acres and the altitude 17 yd. 
When the base is 12.25 ch. and the area 5 A. 33 sq. rd. 
7. I paid $1050 for a piece of land in the form of a tri- 


angle, at the rate of $54 per square rod. If the base is 8 rd., 
what is its altitude? 


oak 


861. The three sides of a triangle being given, to find its area. 


1. Find the area of a triangle whose sides are 80, 40, and 
50 ft. 
OPERATION. 
(80 + 40 + 50) + 2 = 60; 60 — 30 = 80; 
60 — 40 = 20; 60 —50 = 10. 
V60 < 30 x 20 x 10 = 600 sq. ft., area Ans. 
Rue. — Irom half the sum of the three sides subtract each 
side separately ; jind the continued product of the half-swm and 
the three remainders; the square root of this product is the 
area. 


2. What is the area of an isosceles triangle whose base is 
20 ft., and each of its equal sides 15 ft.? 

3. How many acres are there in a field in the form of an 
equilateral triangle whose sides measure 70 rd. ? 

4. The roof of a house 30 ft. wide has the rafters on one 
side 20 ft. long, and on the other 18 ft. long. How many 
square feet of boards will be required to board up both gable 
ends? 

5. The three sides of a triangular field are 56 rd. 72 rd. and 
92 rd. respectively. What is its area? 

6. Find the area of an isosceles triangle whose base is 16 in. 
and each of its sides 32 in. 
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862. The following principles relating to right-angled tri- 
angles have been established by geometry. 
Principtes.—I. The square of the hypotenuse of a right-angled 
triangle is equal to the sum of the 
squares of the other two sides. 
II. The square of the base, or of 
the perpendicular, of a right-angled tri- 
angle is equal to the square of the 
hypotenuse diminished by the square 
of the other side. 


863. To find the hypotenuse. 


1. The base of a right-angled tri- 
angle is 12, and the perpendicular 16. What is the length of 


the hypotenuse ? 
. OPERATION. 


12? + 16? = 400 (§ 862, I). ~/400 = 20, hypotenuse Ans. 

Rute. — Extract the square root of the sum of the squares of 
the base and the perpendicular; the resuit will be the hypotenuse. 

2. If the gable end of a house 40 ft. wide is 16 ft. high, 
what is the length of the rafters ? 

3. A park 25 ch. long and 23 ch. wide has a walk running 
through it from opposite corners in a straight line. What is 
the length of the walk ? 

4. A room is 25 ft. long, 20 ft. wide, and 15 ft. high. What 
is the distance from one of the lower corners to the opposite 
upper corner ? 


864. To find the base or perpendicular. 

1. The hypotenuse of a right-angled triangle is 35 ft., and 
the perpendicular is 28 ft. What is the base? 

OPERATION. 
35? — 28? = 441 (§ 862, Il). 441 = 21 ft., base Ans. 

Rute. — Letract the square root of the difference between the 
square of the hypotenuse and the square of the given side; the 
result will be the required side. 
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2. The hypotenuse of a right-angled triangle is 53 yd. and 
the base is 84 ft. Jind the perpendicular. _ 

3. A line reaching from the top of a precipice 120 ft. high, 
on the bank of a river, to the opposite side is 380 ft. long. 
How wide is the river? 

4. A ladder 39 ft. long stands against the side of a baild- 
ing. How many feet must it be drawn out at the bottom that 
the top may be lowered 3 ft. ? 


QUADRILATERALS. 


865. A Quadrilateral is a plane figure bounded by four straight 
lines, and having four angles. 

There are three kinds of quadrilaterals, —the Parallelogram, Trape- 
zoid, and Trapezium. 

866. A Parallelogram is a quadrilateral which has its oppo- 
site sides parallel. 

There are four kinds of parallelograms,—the Square, Rectangle, 
Rhomboid, and Rhombus. 

867. A Rectangle is any parallelogram having all its angles 
right angles. 


868. A Square is a rectangle whose sides are equal. 


869. A Rhomboid is a parallelogram whose opposite sides 
only are equal, but whose angles are not right angles. 


870. A Rhombus is a parallelogram whose sides are all equal, 
but whose angles are not right angles. 


Square. Rectangle. Rhombold. Rhombus. 


871. A Trapezoid is a quadrilateral, two of whose sides are 
parallel and two oblique. 


872. A Trapezium is a quadrilateral having no two sides 
parallel. ; 
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873. The Altitude of a parallelogram or trapezoid is the 
perpendicular distance between its paradlel sides. 
The vertical dotted lines in the figures represent the altitude. 


874. A Diagonal of a plane figure is a straight line joining 
the vertices of two angles not adjacent. 


Parallelogram. Trapezoid. Trapezium. 


Examples. 


875. To find the area of any parallelogram. 
1. Find the area of a parallelogram whose base is 16.25 
ft. and altitude 7.5 ft. 


OPERATION, 
16.25 x 7.5 =121.875 sq. ft., area Ans. 
Rue. — Multiply the base by the altitude. 
2. The base of a rhombus is 10 ft. 6 in., and its altitude 
is 8 ft. What is its area? 


8. How many acres are there in a piece of land in the form 
of a rhomboid, the base being 8.75 ch. anc the altitude 6 ch.? 

4. What is the area in square centimeters of a rectangle 
which is 41°" long and 52°" wide ? 

5. What is the width of a rectangle 4°" long which con. 
tains 14%" ? 

876. To find the area of a trapezoid. 


1. Find the area of a trapezoid whose parallel sides are 23 
ft. and 11 ft., and the altitude 9 ft. 


OPERATION. 
(23 4+ 11+ 2) x 9=153 sq. ft., area Ans. 
Ruie.— Multiply one half the sum of the parallel sides by 
the altitude. ; 
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2. What is the area of a trapezoid whose parallel sides are 
178 ft. and 146 ft. and the altitude 69 ft. 2° 

3. How many square feet are there in a board 16 ft. long, 
18 in. wide at one end and 25 in. wide at the other end? 

4. One side of a quadrilateral field measures 38 rd.; the side 
opposite and parallel to it measures 26 rd., and the distance be- 


- tween the two sides is 10rd. Find the area. 


877. To find the area of a trapezium. ee NS 


1. Find the area of a trapezium whose 
diagonal is 42 ft., the perpendiculars to 
this diagonal, as in the diagram, being 16 ft. and 18 ft. 
OPERATION, 


(18 + 16 + 2) x 42 = 714 sq. ft., area Ans. 


Ruie. — Multiply the diagonal by half the sum of the perpen- 
diculars drawn to it from the vertices of the opposite angles. 


2. Find the orea of a trapezium whose diagonal is 35 ft. 
6 in., and the perpendiculars to this diagonal 9 ft. and 12 ft. 
6 in. 

3. How many acres are there in a quadrilateral field whose 
diagonal is 80 ri., and the perpendiculars to this diagonal 
20.458 and 50.852 rd. ? 

To find the area of any regular polygon, multiply its perimeter, or the 
sum of its sides, by half the perpendicular falling from its center to one 
of its sides. 

To find the area of any irregular polygon, divide the figure into triangles 
and trapeziums, and find the area of each separately. The sum of these 
areas will be the area of the whole polygon. 


CIRCLES. 
878. A Circle is a plane figure bounded by a curved line, 
called the circumference, every point of which 
is equally distant from a point within called 
the center. 


879. The Diameter of a circle is a line pass- 
ing through its center, and terminated at both 
ends by the circumference. 


ol 
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880. The Radius of a‘circle is a line extending from its 
center to any point in the circumference. It is one half the . 
diameter. 

Examples. 

881. When either the diameter or the circumference of a circle is 
given, to find the other dimension of it. 

1. Find the circumference of a circle whose diameter is 


20 in. 
OPERATION, 


20 in. x 3.1416 = 62.832 in. = 5 ft. 2.832 in., circum. Ans. 


2. Find the diameter of a circle whose circumference is 
62.832 ft. 


OPERATION, 
62.832 ft. + 3.1416 = 20 ft., diameter Ans. 
Rure.—I. Multiply the diameter by 3.1416; the product will 
be the circumference. 
Il. Divide the circumference by 3.1416; the quotient will be the 
diameter. 
8. What is the circumference of a wheel 5 ft. 6 in. in 
diameter ? 
4. Find the diameter of a wheel whose circumference is 
50 ft. 
5. What is the diameter of a tree whose girth is 18 ft. 6in.? 
6. Find the length of tire that will band a wheel 7 ft. 9 in. 
in diameter. 
7. The diameter of a cylinder is § ft. 6 in. Find its girth. 
8. What is the radius of a circle whose circumference is 
81.416 ft. ? 
9. The distance around the earth at the equator is 24899 
miles. What is the length of the earth’s equatorial diameter ? 
10. The radius of a circle is 10 ft. What is its cireum- 
ference ? 
11. Find the circumference of the greatest circle that can be 
drawn with a string 14 in. long, used as a radius. 


q 


, 
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882. To find the area of a circle, when both its diameter and cir- 
cumference are given, or when either is given. 


Note. — A circle may be regarded as being composed (o 
of an indefinite number of triangles, the sum of whose 
bases form the circumference of the circle and whose alti- 
tude is the radius. ITence its area equals the circumfer- 
ence by 4 the radius or 4 the diameter. 


B 
1. Find the area of a circle whose 
diameter is 10 ft. and circumference 
31.416 ft. A D 


OPERATION. 
31.416 ft. x 10 + 4 = 78.54 sq. ft., area Ans. 
2g. Find the area of a circle whose diameter is 10 ft. 
OPERATION, 
(10 ft.)° x .7854 = 78.54 sq. ft., area Ans. 
g. Find the area of a circle whose circumference is 31.416 ft. 


OPERATION, 
31.416 ft. + 3.1416 = 10 ft., diameter; 
(10 ft.)? x .7854 = 78.54 sq. ft., area Ans. 
Rure.—I. Multiply the square of the diameter by .7854. Or, 
Multiply 4 of the diameter by the circumference. 
4. What is the area of a circular pond whose circumference 
is 200 chains ? 


5. The distance around a circular park is 1} miles. How 
many acres does it contain ? 


6. Find the area of a circle whose diameter is 15. 


7. Find the area of the largest circle that can be drawn by 
using as a radius a string 20 in. long. 


883. To find the diameter or circumference of a circle, when the 


area is given. 


1. What is the diameter of a circle whose area is 1819.472 
sq. ft. ? 
OPERATION. 


V1319.472 sq. ft. = .7854 = 40.9874 ft. diam. Ans. 
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2. What is the circumference of a circle whose area is 
19.635 sq. rd.? 
OPERATION, 
V19.635 sq. rd. + 3.1416 = 2.5 rd., radius ; 
2.5 rd. x 2 x 3.1416 = 15.708 rd., circumference Ans. 


Rurr.—I. Divide the area by .7854 and extract the square 
root of the quotient ; the result will be the diameter. Or, 

Divide the area by 3.1416 and extract the square. root of the 
quotient ; the result will be the radius. The circumference is 
obtained by § 881, I. Or, 

Divide the area by .OT958, and extract the square root of the 
quotient ; the result will be the circumference. 


3. The area of a circular lot is 38.4846 sq. rd. What is its 
diameter ? 

4. The area of a circle is 286.488 sq. ft. What are the 
diameter and the circumference ? 

5. The area of a circular lot is 1 acre. What is its diam- 
eter ? 


884. To find the side of an inscribed square when the diameter of 
the circle is known. 


1. What is the side of a square inscribed 
YA SN in a circle whose diameter is 6 rods? 


OPERATION. 


NS YW, 6+ 2=18; V18 = 4.24 rd., side of sq. Ans. 


Inseribed and crenm-  RULE.— Hatract the square root of half the 
scribed square. square of the diameter. Or, 


Multiply the diameter by .7071. 


It is evident from the diagram that the side of a circumscribed square 
is the same length as the diameter of the circle about which it is circum-_ 
scribed. Hence the area of a circumscribed square equals the square of 
the diameter, and since the area of the circle equals .7854 times the square 
of the diameter (§ 882) it follows that the area of the circle equals .7854 
times the area of the circumscribed square. 
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2. The diameter of a circle is 200 ft. Tind the side of the 
inscribed square. 

3. The circumference of a cirele is 104 yd. Find the side 
of the inscribed square. 

4. What is the area of a square circumscribed about a circle 
whose diameter is 8 ft. ? 

5. What is the area of a square inscribed within a cirele 
whose diameter is 2 ft. ? 

6. What is the area of a circle whose circumscribed square 
is 35 ft. long ? 

7. What is the length of a square circumscribed about a 
circle whose area equals 19.635 sq. yd. ? 

8. What is the diameter of a circle if the area of the in- 
scribed square equals 512 sq. ft. ? 

9. What is the circumference of a circle if the area of the 
circumscribed square equals 9604 sq. rd. ? 

10. At $.50 a rod, what is the cost of building a square fence 

about a circular pond whose diameter equals 35 rd. ? 


885. To find the area of a circular ring, formed by two concen- 
tric circles. 
1. Find the area of a circular ring, when 
the diameters of the circies are 20 ft. and 30 ft. 


OPERATION, 
(80? x .7854) — (20° x .7854) = (80 — 20°) x 
7854 = 500 x .7854 
= 392.7 sq. ft., area Ans. 
Ruie.— Multiply the difference between the squares of the 
diameters by .7854. 

2. Find the area of a circular ring formed by two concentric 
circles, whose diameters are 7 ft. 9 in. and 4 ft. 3 in. 

3. The diameters of two concentric circles are 35.75 and 
16.25 ft. ind the area of the ring. 

4. The area of acircle is 1 A. 154.16 sq.rd. A pondin the _ 
center is 10 1d. in diam. ind the area of the land and of the 
water. 

ROB. NEW HIGHER AR. — 31 
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886. SUMMARY OF CIRCLES. 


1. The diameter of any circle 
Multiplied laeias the product ) 
Divided .3183, the quotient J 
Multiplied y .8862, the product | = the side of an equat 
Divided Y \1.1284, the quotientJ square. 

Multiplied .8660, the product | = the side ofan inscribed 
Divided { 1547, the quotient — equilateral triangle. 
Multiplied b .7070, the product \ = the sideafan inscribed 
Divided } y ea the quotient/ square. 


2. The radius of any circle 
Multiplied 6.28318 
Divided { 15915 

8. The square of the diameter of any circle 
Multiplied b .7854, the product ) __ sn ta 
Divided } y Hiores the quotient f ~ “"® 7“ 

4. The circumference of.any circle 
Multiplied b .0183, the product Va the dicta 
Divided } y acta: Ene quotient f — ““° amaer 
peeeee | b { .2821, the product \ = the side of an equal 
Divided | ai 3.5450, the quotient! square. 

Multiplied b .2756, the product \ = the side ofan inscribed 
Divided } 3; la@ae the quotient/ equilateral triangle. 
Multiplied b .2251, the product \ = the side of an inscribed 
Divided } y eres the quotient/ square. 

5. The square of the circumference of any circle 
Bes b { .07958, the product } = fietane 
Divided J (12.5663, the quotients ~ ” ; 

6. The area of any circle 
Multiplied 1.2732, the product en ; 
Divided } Doar se! theiquotients POs adie 

The square of the radius of any circle x 3.1416 | 
7. | | = area 


= the sircumference. 


= the circumference. 


Half the circumference of a circle x. } its diameter 
Square of the circumference of a circle x .07958 
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Euieses. 


887. An Ellipse is a plane figure bounded by a curved line 
ealled the Periphery, such that the sum of the distances of 
each point on the periphery from two fixed points within the 
Foci is the same. 

An ellipse is the shadow of a circle. 

888. A Diameter of an ellipse is a line passing through its 
center and terminated at both ends by the circumference. 


889. The Major Axis is the greatest 


B 
diameter of an ellipse and the Minor ax 
Axis is the least diameter. 

In the illustration, #F’ are the foci, 
and the broken line BF" or FB+ BF' ae) 
represents the sum of the distances of 
B from the two foci, which is equal to Ellipse. 
the length of the major axis. 

Examples. 

890. To find the area of an ellipse. 

1. What is the area of an ellipse whose major axis is 4 in, 
and the minor axis 2 in.? , 

Sorution. —4 x 2 x .7854 = 6.2832 sq. in. Ans. 

Ruiz. — Multiply the product of the two axes by .7854. 

2. Find the area of an ellipse 6 in. x 15 in. 

3. Find the area of an ellipse 3 in. x 24 in.; 8 ft. x 17 ft. 


891. To find the minor axis. 
1. What is the minor axis of an ellipse, whose major axis 
is 200 ft. and the distance between the 
foci 160 ft. ? 
So.ution. — A line drawn from either focus to 
the extremity of the minor axis will be } the DF 
major axis, and will form the hypotenuse of a 


right-angled triangle. Hence, R= V100?—S0?=60 
and the minor axis is 2 x 60 = 120 ft. Ans. 
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RurE.— Find the difference between 4 the major amis, squared, 
and } the distance between the foci, squared ; extract the square 
root and multiply the result by 2. 

2. What is the minor axis of an ellipse, whose major axis 
is 30 ft. and the distance between the foci 10 ft. ? 

3. A rope 25 ft. long is passed through a ring to which a 
goat is tied, and the ends of the rope are fastened to two 
stakes 20 ft. apart, which are relatively north and south. How 
far east and west can the goat move, and over what part of a 
lawn whose dimensions are 75 ft. by 78.54 ft. ? 


892. To find the major axis. 


1. What is the major axis of an ellipse, whose minor axis 
is 120 ft. and the distance between the foci 160 ft. ? 

So.ution. — Referring to the diagram in § 891, we have R = 120+2= 
60 ft. and CF = 160+2=80 ft. Hence, the hypotenuse = V602 + 80? = 
100 ft. This hypotenuse represents } the major axis, and 2x 100 ft.=200 
ft. Ans. 

Rue. — Find the sum of } the minor axis, squared, and the 
distance between the foci, squared ;- extract the square root and 
multiply the result by 2. 

2. What is the major axis of an ellipse, whose minor axis 
is 80 ft. and the distance between the foci 60 ft. ? 

3. If the minor axis of an ellipse is 15 ft. and the distance 
between the foci is 20 ft., what is the area of the ellipse? 


893. To find the difference between the foci. 


1. If the major axis of an ellipse is 200 ft. and the minor 
axis 120 ft., what is the distance between the foci? 

Soxution. — Referring to the diagram, 7? = 60 ft., and the hypotenuse 
being half the major axis = 100 ft.; we wish to find twice the other 
side, OF. Hence V100? — 60? x 2=160 ft., the distance between the 
foci Ans. 

Rutz. — Find the difference between } the major amis, squared, 
and } the minor axis, squared; extract the square root and mul- 
tiply the result by 2. 


=. a 
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2. How far apart are the foci of an ellipse whose major axis 
is 25 ft. long and the minor axis 15 ft.? 

3. If the area of an ellipse is 294.525 sq. ft. and the major 
axis is 25 ft., what is the minor axis? What is the distance 
between the foci? 

4. An ellipse whose minor axis is 30 in. has an area of 
942.48 sq. in. How far apart are the foci? 


SrmmLar PLANE Ficures. 


894. Similar Plane Figures are such as have the same form; 
or have angles equal each to each, the same number of sides, 
and the sides containing the equal angles proportional. 


All circles, squares, equiangular triangles, and regular polygons of the 
same number of sides are similar figures. 

The like dimensions of circles, that is, their radii, diameters, and cir- 
cumferences, are proportional. 

Princieies.—I. The like dimensions of similar plane figures 
are proportional. 

Il. The wreas of similar plane figures are to each other as the 
squares of their like dimensions. 

Ill. The like dimensions of similar plane figures are to each 
other as the square root of their areas. 

The same principles apply also to the surfaces of all similar figures, 
such as triangles, rectangles, solids, cubes, pyramids, etc. ; and to similar 
curved surfaces, as of cylinders, cones, and spheres. Hence, 

IV. The surfaces of all similar figures are to each other as the 
squares of their like dimensions. 


V. Their dimensions are as the square roots of their surfaces. 


Examples. 


895. 1. A triangular field whose base is 12 ch. contains 
2A. 80 sq. rd. Find the area of a field of similar form whose 
base is 48 ch. 

OPERATION. 
12?: 48?::2 A. 80 sq. rd.: a = 6400 sq. rd. 
=40 A., area (§ 894, II). Ans. 
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2. The side of a square field containing 18 A. is 60 rd. long. 
Find the side of a similar field that contains 4 as many acres. 
OPERATION, 
18 A.:6 A.:: 60?: a = 1200 sq. rd. 
-V1200 = 34.64 rd. +, side Ans. (§ 894, III). 
3. Two circles are to each other as 9 to16. The diameter of 
the less being 112 feet, what is the diameter of the greater? 
OPERATION. 
9163: 1127: f= 3:4::112:a 
=149 ft. 4 in., diameter Ans. ($ 894, IT). 
4. A peach orchard contains 720 sq. rd., and its length is to 
its breadth as 5 to 4. What are its dimensions ? : 
OPERATION. 
The area of a rectangle 5 by 4 equals 20. 
20: 720:: 5°: 2 = 900; V/900 = 30 rd., length 
20: 720::4?: 2° = 576; V576 = 24 rd., width } a! 

6. It is required to lay out 283 A. 107 sq. rd. of land in the 
form of a rectangle, so that the length shall be 3 times the 
width. Find the dimensions. 

6. A pipe 1.5 in. in diameter fills a cistern in 5 hr. Find 
the diameter of a pipe that will fill the same cistern in 55 min. 
6 sec. 

7. The area of a triangle is 24276 sq. ft., and its sides are 
in proportion to the numbers 13, 14, and 15. Jind the length 
of its sides in feet. 

8. A field containing 6 A. is laid down on a plan to a seale 
of 1 in. to 20 ft. How much paper will it cover? 

9. If it costs $167.70 to inclose a circular pond containing 
17 A. 110 sq. rd., find the cost to inclose another + as large? 

10. If a cistern 6 ft. in diameter holds 80 bbl. of water, 
what is the diameter of a cistern of the same depth that holds 
1200 bbl. ? 

11. If 63.39 rd. of fence will inclose a circular field contain- 
ing 2 A., what length will inclose 8 A. in circular form ? 
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Examples on Plane Figures. 


896. 1. The area of a triangle is 270 yd., and the perpen- 
dicular 45 ft. Find the base. 
2. lind the area of a square whose perimeter is the same 
as that of a rectangle 48 ft. by 28 ft. 


3. A rectangle whose length is 3 times its width contains ' 
1323 sq. rd. ind its dimensions. : 


4. Find the area of an equilateral triangle whose sides are 
36 ft. 

5. The area of a circle is 7569 sq. ft. Find the length of 
the side of a square of equal area. 

6. Tlow much less will the fencing of 20 A. cost in the 
square form than in the form of a rectangle whose breadth is 
+ the length, the price being $2.40 per rod? 

7. A house that is 50 ft. long and 40 ft. wide has a square 
or pyramidal roof, whose height is 15 ft. Find the length of a 
rafter reaching from a corner of the building to the vertex of 
the roof. 


8. Find the length of a rafter reaching from the middle of 
one side. 


nap Pent wena cmt el 


9. Wishing to know the height of a certain steeple, I 
measured the shadow of the same ona horizontal plane, 274 ft. ; 
I then erected a 10-ft. pole on the same plane, and it cast a 
shadow of 2% ft. What was the height of the steeple ? 


10. If the ridge of a building is § ft. above the beams, and 
the building is 32 ft. wide, what must be the length of the 
rafters ? 

11. The diameter of a cylinder weighing 32 Ib. is 6 in. What 
is the diameter of a cylinder of the same height weighing 4 lb. ? 

12. A general formed his men into a square, that is, an 
equal number in rank and file, and found that he had 59 men 
over; and increasing the number in both rank and file by 1 

. man, he needed 84 more men to complete the square. How 
many men had he?’ 
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13. The shadow of a tree measures 42 ft.; a staff 40 in. in 
length casts a shadow 18 in. at the same time. What is the 
height of the tree ? 

14. What is the diameter of a circular island containing 1} 
sq. miles ? 

15. How many rods more of fencing are required to inclose 
a square field whose area is 5 acres, than to inclose a circular 
field having the same area ? 

16. What is the value of a farm, at $75 an acre, its form 
being a quadrilateral, with two of its opposite sides parallel, 
one 40 chains and the other 22 chains long, and the perpen- 
dicular distance between them 25 chains ? 

17. A wheel is 3 feet in diameter. How many times will 
it revolve in going a mile ? 

18. Find the cost, at 18 cents a square foot, of paving a 
space in the form of a rhombus, the sides of which are 15 ft., 
if a perpendicular drawn from one oblique angle will meet the 
opposite side 9 ft. from the adjacent angle. 

19. How much larger is a square which circumscribes a 
circle 40 rd. in diameter, than a square inscribed in the same 
circle ? 

20. What is the value of a piece of land in the form of a 
triangle, whose sides are 40, 48, and 54 rods, respectively, at 
the rate of $ 125 an acre ? 

21. The radius of a circle is 5 feet. Find the diameter of 
another circle containing 4 times the area of the first. 

22. Find the difference in the area of a circle 36 feet in 
diameter, and the inscribed square. 

23. Two steamers after meeting on the ocean part, one sail- 
ing north at the rate of 15 miles an hour and the other west at 
the rate of 20 miles an hour. How far apart will they be in 2 
hours ? 

24. If a pipe 3 inches in diameter discharges 12 hogsheads 
of water in a certain time, what must be the diameter of a 
pipe which will discharge 48 hogsheads in the same time? 
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SOLIDS. 

897. A Solid or Body has three dimensions—length, breadth, 
and thickness. 

. The planes which bound it are called its faces, and their intersections, 
its edges. 

898. The Convex Surface of a solid is its surface exclusive of 
its ends or bases; the Entire Surface is the convex surface plus 
the surface of the bases. , 

899. The Volume of a solid is its solid contents in cubic units. 


Prisms AND CYLINDERS. 


900. A Prism is a solid whose ends are equal and parallel 
polygons, and its sides parallelograms. 


Prisms take their names from the forms of their bases, as triangular, 
quadrangular, pentagonal, ete. 


901. ‘The Altitude of a prism is the 
perpendicular distance between its 
bases. 

902. A ©arailelopipedon is a prism 
bounded by six parallelograms, the 
opposite ones being parallel and equal. 

903. A Cube is a parallelopipedon 
* whose faces are all equal squares. 

904. A Cylinder is a body bounded by a uniformly curved 
surface, its ends being equal and parallel circles. 


1. A cylinder is conceived to be generated by the revolution of a rec- 
tangle about one of its sides as an axis. 

2. The line joining the centers of the bases, or ends, of the cylinder 
is its altitude, or axis. 


Triangular Quadrangular Pentagonal Cylinder. 
Prism. Prism. Prism. + 
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Examples. 


905, To find the convex surface of a prism or cylinder. 
1. Find the area of the convex sur- 
face of.a prism whose altitude is 7 
ft. and its base a pentagon, each side 
of which is 4 ft. 
OPERATION. 
4 ft. x 5= 20 ft., perimeter. 

20 x 7 =140 sq. ft., convex surface 
Ans. 
2. Find the area of the convex sur- 
face of a triangular prism, whose alti- 
tude is 84 feet, and the sides of its 

base 4, 5, and 6 feet respectively. 

OPERATION, 
4 ft. + 5 ft. + 6 ft. =15 ft., perimeter. 

15 x 8} = 127} sq. ft., convex surface Ans. 


3. Find the area of the convex surface of a cylinder whose 
altitude is 2 ft. 5 in. and the circum- 
ference of its base 4 ft. 9 in. 

eS OPERATION. 
2 ft. 5 in. = 29 in; 4 ft. 9 in. = 57 in. 
57 x 29 = 1653 sq. in. 
=11 sq. ft. 69 sq.in. convex surface Ans. 

Rure.—I. To find the convex surface. — Multiply the perim- 
eter of the base by the altitude. 

Il. To find the entire surface. — Add the area of the bases or 
ends. tes = 
4. If a gate 8 ft. high and 6 ft. wide revolves upon a point 
in its center, what is the entire surface of the cylinder described 
by it? 

5. Find the superficial contents, or entire surface, of a 
parallelopipedon 8 ft. 9 in. long, 4 ft. 8 in. wide, and 3 ft. 3 in. 
high. 
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6. What is the entire surface of a cylinder formed by the 
revolution about one of its sides of a rectangle that is 6 ft. 
6 in. long and 4 ft. wide ? 

7. Find the entire surface of a prism whose base is an 
equilateral triangle, the perimeter being 18 ft., and the altitude 
of the prism 15 ft. 

906. To find the volume of any prism or cylinder. 

1. Find the volume of a triangular prism, whose altitude is 
20 ft., and each side of the base 4 ft. 

OPERATION. 
The area of the base is 6.928 sq. ft. (§ 861.) 
6.928 x 20 = 138.56 cu. ft., volume Ans. 
2. Find the volume of a cylinder whose altitude is 8 ft. 6 in., 
and the diameter of its base 3 ft. 
OPERATION, 
3° x .7854 = 7.0686 sq. ft., area of base. (§ 882.) 
7.0686 x 8.5 = 60.083 cu. ft., volume Ans. 


Rue. — Multiply the area of the base by the altitude. 

3. What is the volume of a parallelopipedon, whose base is 
9.8 ft. by 7.5 ft., and its height 5 ft. 3 in. ? 

4. What is the volume of a log 18 ft. long and 1} ft. in 
diameter ? 

5. What is the height of a-block of wood 16™ long and 
6.5%" wide which contains 1154.4°°™ ? 

6. Find the solid contents of a cube whose edges are 
6 ft. 6 in. 

7. Find the cost of a piece of timber 18 in. square and 40 ft. 
long at $ .30 a cubic foot. 

8. What are the solid contents of a cylinder whose altitude 
is 15 ft. and its radius 1 ft. 3 in. ? 


907. To find the three dimensions of a rectangular solid, the 
volume and the ratio ot the dimensions being given. 

1. What are the dimensions of a rectangular solid, whose 
volume is 4480 cu. ft., if its dimensions are to each other as 
2, 5, and 7? 


ee 


. 
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OPERATION. 

V4480 = (2X 5 x 7) =4 ft.; 4x 2=8 ft. height; 4x5= 
20 ft., width; 4 x 7 = 28 ft., length. 

Ruz. —I. Divide the volume by the product of the terms pro- 
portional to the three dimensions, and extract the cube root of the 
quotient. 

Il. Multiply the root thus obtained by each proportional term; 
the products will be the corresponding sides. 


2. What are the dimensions of a rectangular box whose 
volume is 3000 cu. ft., if its dimensions are to each other as 
2, 3, and 4? 

3. A pile of bricks in the form of a parallelopipedon contains 
80720 cu. ft., and the length, breadth, and height are to each 
other as 3, 4, and 5. What are the dimensions of the pile? 


PyrAMIDS AND CownzEs. 


908. A Pyramid is a body, having for its base a polygon, 
and for its other faces three or more triangles, which terminate 
in a common point called the vertew. 

Pyramids, like prisms, take their names from their bases, and are 
called triangular, pentagonal, ete. A regular pyranid has for its base 
a regular polygon and has its vertex in a perpendicular to the center of 
its base. 


ae 
NTR iy 
Frustum,. Cone. Frustum, 


909. A Cone is a body having a circular base, and whose 
convex surface tapers uniformly to the vertew. 


A cone is a body conceived to be formed by the revolution of a right 
angled triangle about one of its sides containing the right angle. 
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910. The Altitude of a pyramid or of a cone is the perpen- 
dicular distance from its vertex to the plane of its base. 

911. The Slant Height of a regular pyramid is the perpen- 
dicular distance from its vertex to one of the sides of the 
base; of a cone, is a straight line from the vertex to the cir- 
cumference of the base. 

912. The Frustum of a pyramid or cone is that part which 
remains after cutting off the top by a plane parallel to the base. 


Examples. 


913. To find the convex surface of a regular pyramid or of a cone. 

1. Find the convex surface of a triangular pyramid, the 
slant height being 16 ft., and each side of the base 5 ft. 

OPERATION, 
(5 +5 +5) x 16+2=120 sq. ft., convex surface Ans. 

2. Find the convex surface of a cone whose diameter is 17 

ft. 6 in., and the slant height 30 ft. 
OPERATION, 
17.5 x 3.1416 = 54.978 ft., cireum.; 54.978 x 30+2 
= $24.67 sq. ft., conyex surface Ans. 

Rute. —J. To find the convex surface. — Multiply the perim- 
eter or circumference of the base by one half the slant height. 

II. To find the entire surface. — Add to this product the 
area of the base. 

3. Find the entire surface of a pyramid whose base is $ ft. 
6 in. square, and its slant height 21 ft. 

4. Find the entire surface of a cone the diameter of whose 
base is 6 ft. 9 in., and the slant height 45 ft. 

5. Find the cost of painting a church spire, at $.25 a 
square yard, whose base is a hexagon 6 ft. on each side, and 
the slant height 60 ft. 


914. To find the volume of a pyramid or of a cone. 
1. What is the volume, or solid contents, of a square pyra- 
mid whose base is 6 ft. on each side, and its altitude 12 ft. ? 


. 
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OPERATION, 
6x6x12+3=144 cu. ft., volume Ans. 

2. Find the volume of a cone, the diameter of whose base is 
5 ft., and its altitude 10} ft. 

OPERATION. 

(6 x .7854) x 10} + 3 = 68.72} cu. ft., volume Ans. 
Rue. — Multiply the area of the base by one third the alt itude, 
3. Find the solid contents of a cone whose altitude is 24 ft., 

and the diameter of its base 30 in. q 

4. What is the cost of a triangular pyramid of marble 
whose altitude is 9 ft., each side of the base being 3 ft., at $ 2} 
per cu. ft. ? 

5. Find the volume and the entire surface of a pyramid if 
its base is a rectangle SO ft. by 60 ft., and the edges which 
meet at the vertex are 130 ft. 

915. To find the convex surface of a frustum of a pyramid or 
cone. 

1. What is the convex surface of a frustum of a square 
pyramid whose slant height is 7 ft., each side of the greater 
base 4 ft., and of the less base 18 in. ? 

OPERATION. 
The perimeter of the greater base is 16 ft., of the less 6 ft. 
16+6x7+2=77 sq. ft., convex surface Ans. 


Rute. —I. To find the convex surface. — D/ultiply the sum of 
the perimeters, or circumferences, by one half the slant height. 

IJ. To find the entire surface. — Add to this product the areas 
of both ends, or bases. 

2. Find the convex surface of a frustum of a cone whose 
slant height is 15 ft., the circumference of the lower base 30 ft., 
and of the upper base 16 ft. 

3. How many square yards are there in the convex surface 
of a frustum of a pyramid, whose bases are heptagons, each side 
of the lower base being 8 ft., and of the upper base 4 ft., and 
the slant height 55 ft. ? 
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916. To find the volume of a frustum of a regular pyramid or 
of a cone. 

1. Find the volume of a frustum of a square pyramid whose 
altitude is 10 ft., each side of the lower base 12 ft., and of the 
upper base 9 ft. 


OPERATION. 
12? +. 9° = 225; (225 +144 x 81) x 10+3=1110 cu. ft. 
Rute. — To the sum of the areas of both bases add the square 


root of the product, and multiply this sum by one third of the 
altitude. 

2. How many cu. ft. are there in the frustum of a cone . 
whose altitude is 6 ft. and the diameters of its bases 4 ft. 
and 3 ft. ? 

3. How many cu. ft. are there in a piece of timber 30 ft. long, 
the greater end being 15 in. square, and the less 12 in. square? 

SPHERES. 

917. A Sphere is a solid bounded by a uniformly curved 
surface, all the points of which are equally distant from a 
point within called the center. 

918. A Great Circle is any circle on a sphere whose plane 
passes through the center of the sphere. 

Norr. — The circumference of a sphere is any great circle. 

919. The Diameter of a sphere is a straight 
line passing through the center of the sphere, 
and terminated at both ends by its surface. 

920. The Radius of a sphere is a straight line drawn from 
the center to any point in the surface. 


Examples. 


921. To find the surface of a sphere. 
1. Find the surface of a sphere whose diameter is 9 in. 
OPERATION. 
9 in. x 3.1416 = 28.2744 in., circumference. 
28.2744 x 9 = 254.4696 sq. in., surface Ans. 
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Ruy. — Multiply the diameter by the circumference of a great 
circle of the sphere. 

2. What is the surface of a globe 16 in. in diameter ? 

3. Find the surface of a sphere whose circumference is 


31.416 feet. ; 
4. Find the surface of a globe whose radius is 1 foot. 


922: To find the volume of a sphere. 
1. Find the volume of a sphere whose diameter is 18 in. 
OPERATION, 
18 in. x 3.1416 = 56.5488 in., circumference. 
56.5488 x 18 = 1017.8784 sq. in., surface. 
1017.8784 x 18 + 6 = 3053.6352 cu. in., volume Aas. 
Rutr. — Multiply the surface by 4 of the diameter, or by } of 
the radius. 

2. Find the volume of a globe whose diameter is 30 in. 
3. Find the solid centents of a'globe whose radius is 5 yd. 
4. Find the volume of a globe whose circu. is 31.416 ft. 


923. SUMMARY OF SPIERES. 
Circumference x its diam 
Radius? x 12.5664. 
as) The) Surface =1 Diamoter? x 3.1416. 
Circumference? x .3183. 
Surface x 1 its diameter. 
Radius® x 4.1888. 
2. The Volume ~ |} Diameter® x .5236. 
Gircumsacetent x .0169. 
: VOf surface x .5642. 
3. The Diameter ={ sah eee c 
: /Of volume x 1.2407. 
: VOFf surface x 1.7725. 
. The Circumference ={ Gras arty 
4 eqOuncammseren ~ (WOE volume x 3.8978. 
: VOf surface x .2821. 
sol Radius = Dies erect ttre 
poms ; \/OF volume x .6204. 
: a: ya _ ¢Radius x 1.1547. 
6. The Side of an inscribed cube= Diameter UBT 


SIMILAR SOLIDS. 497 


Smtar Soxips. 


. 

924. Similar Solids are such as have the same form, and 
differ from each other only in yolume. 

Prrnereies. —I. The volumes of similar solids are to each 
other as the cubes of their like dimensions. 

Il. The like dimensions of similar solids are to each other as 
the cube rools of their volumes. 

Examples. 


1. If the volume of a ball 3 in. in diameter is 27 cu. in, 
what is the volume of a ball 7 in. in diameter? 
OPERATION. 
3°: 73:: 27 eu. in.: «= 343 cu. in., volume Ans. 
2. If the diameter of a ball whose volume is 27 cu. in. is 3 
in., what is the diameter of a ball whose volume is 343 cu. in. ? 
OPERATION, 


27 : 843 :: 8:0? = 843; W343 =7 in., diameter Ans. 
Examples on Solids. 


925. 1. What is the edge of a cube whose entire surface is 
1050 sq. ft., and what is its volume? 

2. What must be the inner edge of a cubical bin to hold 
1250 bushels of wheat ? 

3. How many globes 4 in. in diameter are equal to one 
whose diameter is 12 in. ? 

4. How many gallons‘will a cistern hold, whose depth is 
7 ft., the bottom being a circle 7 ft. in diameter and the top 
5 ft. in diameter ? 

5. What is the value of a stick of timber 24 ft. long, the 
larger end being 15 in. square, and the less 6 in., at 28 cents a 
cubic foot ? : 

6. If a cubic foot of iron were formed into a bar } an inch 
square, without waste, what would be its length? 

7. How many barrels of 314 gal. wili a cistern hold that is 


8.3 ft. in diameter, and 7 ft. deep? 
ROB, NEW HIGHER AR, —382 
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8. Ifa log 18 ft. long and 3 ft. in diameter is hewn square, 
how many cubic feet does it contain ? 

9. Find the volume of a cube, the area of whose entire sur- 
face is 7 sq. ft. 6 sq. in. 

10. If a marble column 10 in. in diameter contains 27 eu. ft., 
what is the diameter of a column of equal length that contains 
81 cu. ft. ? ° 

11. Supposing the earth to be a perfect sphere 7912 miles in 
diameter, what is its volume in cubic miles ? 

12. How many board feet are there in a post 11 ft. long, 
9 in. square at the bottom, and 4 in. square at the top ? 

13. The surface of a sphere is the same as that of a cube, 
the edge of which is 12 in. Find the volume of each. 

14. The contents of a cubical block of marble are 4913 eu. ft. 
Find the superficial contents or surface. 

15. Find the dimensions of a bin that holds 450 bu. of 
grain, if the width and depth are equal, and the length 3 times 
the width. 

16. A ball 4.5 in. in diameter weighs 18 oz. avoir. What 
is the weight of a ball of the same density that is 9 in. in 
diameter ? 

17. In what time will a pipe supplying 6 gal. of water a 
minute fill a tank in the form of a hemisphere that is 10 ft. in 
diameter ? 

18. If the altitude of a cone that weighs 640 lb. is 8 ft., 
what is the altitude of a similar cone that weighs 270 lb. ? 

19. If a stack of hay 8 ft. high weighs 8 ewt., what is the 
weight of a similar stack that is 24 ft. high ? 

20. The diameter of a cistern is 8 ft. What must be its 
depth to contain 75 hhd. of water ? 

21. The diameter of a ball weighing 32 lb. is 6 in. What 
is the diameter of a ball weighing 4 lb.? 

22. How many bushels are there in a heap of grain in the 


' form of a cone, whose base is § ft. in diameter and altitude 


4 ft? 
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926. 1. How many thousand shingles will cover both sides 
of a roof 36 ft. long, whose rafters are 18 ft. in length ? 

2. From 2 of 4 of } of 70 miles, subtract .73 of 1 mi. 3 fur, 

3. What number is that from which if 74 is subtracted 3 
of the remainder is 914? 

4. What part of 4 is 4 of 6? 

5. What number increased by 4, 4, and 4 of itself equals 
125? 

6. What is the hour, when the time past noon is equal to 
2 of the time to midnight? 

7. If $240 gains $5.84 in 4 mo. 26 da., what is the rate 
per cent ? 

8. If 24 men in 189 da., working 10 h. a day, dig a trench 
33% yd. long, 22 yd. deep, and 5} yd. wide, how many hours a 
day must 217 men work, to dig a trench 23} yd. long, 2} yd. 
deep, and 32 yd. wide, in 5} days ? 

9. What is the difference between the interest and the bank 
discount of $450 at 5%, for 6 yr. 10 mo. ? 

10. A younger brother received $6300, which was { as 
much as his elder brother received. How much did both 
receive ? 

11. Reduce .7, .88, .727, .91325 to their equivalent common 
fractions. ‘ 

12. A man by selling a lot of goods for $438, loses 10%. 
How much should the goods have been sold for to gain 124%? 

' 409 
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13. For what sum must a note be drawn at 4 mo., that the 
proceeds of it, when discounted at a bank at 7%, shall be 
$ 875.50 ? 

14. Three persons engaged in trade with a joint capital of 
$ 2128; A’s capital was in trade 5 mo., B’s § mo., and C’s 12 
mo.; A’s share of the gain was $228, B’s $266.40, and C’s 
$330. What was the capital of each ? ' 

15. Henry Truman purchased corn of John Bates, on 2 
months’ credit, as follows: Aug. 27, 300 bu. @ $.35; Aug. 
31, 150 bu. @ $.40; Sept. 7, 500 bu. @ $.38; Sept. 12, 200 
bu. @ $ .42; Sept. 25, 250 bu. @$.40. When was the account 
due per average ? 

16. A, B, and C can do a job of work in 12 da., C can do it 
in 24 da., and A in 34 da. In what time can }3 do it alone ? 

17. Ifa man travels 7 mi. the first day, and 51 mi. the last, 
increasing his journey 4 mi. each day, how many days will 
he travel, and how far ? 

18. What is the difference between the true and bank dis- 
count of $2500, payable in 90 days at 7% (allowing grace)? 

19. I sold 4 of a lot of lumber for what § of it cost. What 
per cent did I gain on the part sold? 

20. If $500 gains $50 in 1 yr., in what time will $960 gain 
$60? 

21. A dealer received an invoice of crockery, 12% of 
which was broken. At what per cent above cost must the 
remainder be sold to clear 25% on the invoice? 

22. The sum of two numbers is 365, and their difference is 
0675. What are the numbers ? 

23. If the interest of $445.62} is $128.99 for 7 yr., what 
will be the interest of $650 for 3 yr. 10 mo. 15 da., at the same 
rate? 

24. What sum must be invested in stocks bearing 64%, at 
105, to produce an income of $1001? 

25. A man exchanges 250 shares of 6% stock, at 70, for &% 
stock, at 120. What difference does it make in his income? 
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26. A boy 14 years old is left an annuity of $250, which is 
deposited in a savings bank at 6%, interest payable semi- 
annually. How much will he be worth when of age? ' 

27. If a boy buys peaches at the rate of 5 for 2 cents, and 
sells them at the rate of 4 for 3 cents, how many must he buy 
and sell to make a profit of $4.20? 

28. A fox 30 rd.ahead of a hound runs 19 ft. while the hound 
runs 20 ft. How far will the fox run before he is overtaken? 


29. How long is a rope from the top of a pole 50 ft. high to 
the top of another 20 ft. high, the poles being 16 ft. apart? 

30. Three men paid $100 for a pasture; A put in 9 horses, 
B 12 cows for twice the time, and C some sheep for 2} times 
as long as B’s cows; C paid one half the cost. How many 
sheep had he, and how much did A and B each pay, if 6 cows 
eat as much as 4 horses, and 10 sheep as much as 3 cows ? 

31. A fountain has 8 pipes, A, B, C, D, W, X, Y, and Z. 
With pipes A, B, and C open, the cistern will be filled in 6 h.; 
with B, C, and D open, in 8h.; with C, D, and A open, in 
10 h.; and with D, A, and B open in 12h. With W, X, and 
Y open, the cistern will be emptied in 6h.; with X, Y, and Z 
open, in 5h.; with Y, Z, and W open, in 4h.; and with Z, 
W, and X open, in 3h. If the fountain is full and all the 
pipes are opened, in what time will it be emptied? 

32. Find the cost, at 18 cents a square foot, of paving a 
space in the form of a rhombus, if its sides are 45 ft., and a 
perpendicular drawn from one oblique angle will meet the 
opposite side 27 ft. from the adjacent angle. 

_33. Four boys are playing at hare and hounds, the two rep- 
resenting hares being 45 ft. in advance of the two representing 
hounds. Each hound’s leap covers 6} ft. of ground, and each 
hare’s leap 44 ft., but the hares take 4 leaps to the hounds’ 3. 
Tn how many leaps will the hounds overtake the hares? 

34. Five men can do a piece of work in 9 da. How soon 
after beginning must they be joined by two more so as to com- 
plete the work in § da.? 
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35. Four men contracted to do a certain piece of work for 
$8600; the first employed 28 laborers 20 da., 10 h. a day; the 
second, 25 laborers 15 da., 12 h. a day; the third, iS laborers 
25 da. 11 h.a day; and the fourth, 15 laborers 24 da., 8 h. 
a day. How much should each contractor receive ? 

36. If I exchange 75 railroad bonds of $500 each, at 64, 
for bank stock at 105, how many shares of $100 each shall 
I receive ? z 

37. A flour merchant bought 120 bbl. of flour for $660, 
paying $5.75 for first quality and $5 for second quality. 
How many barrels were first quality ? 

38. Two mechanics work together; for 15 days’ work of 
the first and 8 days’ work of the second they receive $61, and 
for 6 days’ work of the first and 10 days’ work of the second 
they receive $38. How much does each man earn ? 

39. A dairyman took some butter to market, for which he 
received $49, receiving as many cents a pound as there were 
pounds. How many pounds were there ? 

40. A mechanic received $2 a day for his labor, and paid 
$4 aweek for his board; at the expiration of 10 weeks he 
had saved $72. How many days did he work, and how many 
was he idle? 

41. To what would $250, deposited in a savings bank, 
amount in 10 yr., interest being allowed semiannually at 6% 
per annum ? 

42. How much water is there in a mixture of 100 gal. of 
wine and water, worth $1 per gal., if 100 gal. of the wine 
cost $120? 2 

43. If a pipe 3 in. in diameter will discharge a certain. 
quantity of water. in 2h., in what time will 3 two-inch pipes 
discharge 3 times the quantity ? 

44, William Jones & Co. become insolvent and owe $8100. 
Their assets amount to $4981.50. What per cent of their 
indebtedness can they pay, allowing the assignees 21% on the 
amount distributed for their services ? 
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45. I shipped a car load of cattle to Boston, and offered 
them for sale at 25% advance on the cost; but the market 
being dull I sold for 14% less than my asking price, and gained 
thereby $170. How much did the cattle cost; for how much 
did they sell; and what was my asking price ? 

46. What must be the dimensions of a cubical cistern to 
hold 2000 gallons ? 

47. A vessel having sailed due south and due east on alter- 
nate days, was found, after a certain time, to be 118.794 miles 
southeast of the place of starting. What distance had she 
sailed ? 

48. If 34} bu. of corn are equal in value to 17 bu. wheat, 
9 bu. of wheat to 59} bu. of oats, and 6 bu. of oats to 42 Ib. 
of flour, how many bushels of corn will purchase 5 bbl. of 
flour ? 

49. If stock bought at 92 will pay 7% on the investment, 
at what rate should it be bought to pay 10% ? 

50. A merchant in New York paid $2000 for a bill of ex- 
change of £400 to remit to Liverpool. What was the rate of 
exchange ? 

51. A, B, and C start from the same point, to travel 
around a lake 84 miles in circumference. A travels 7 miles, 
and 2 21 miles a day in the same direction, and C 14 miles 
in an opposite direction. In how many days will they all 
meet? 


’ 


52. The exact solar year is greater than 365 days by about 
20929 of a day. Find approximately how often leap year 
should come, or one day be added to the common year, in 
order to keep the calendar right. 

53. What per cent shall I gain by purchasing goods on 6 
mo., and selling them immediately for cash at cost, money 
being worth 7% ? 

54. What sum musta man save annually, commencing at 21 

_years of age, to be worth $30000 when he is 50 years old, his 
_savings being invested at 5% compound interest ? 
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55. If 6 apples and 7 peaches cost 33 cts., and 10 apples 
and 8 peaches cost 44 cts., what is the price of one of each ? 

56. Three persons are to share $10000 in the ratio of 38, 4, 
and 5, but the first dying, it is required to divide the whole 
sum equitably between the other two. What are the shares of 
the other two ? 

57. If 50 bbl. of flour in Chicago are worth 125 yd. of cloth 
in New York, and 80 yd. of cloth in New York are worth 6 
bales of cotton in Charleston, and 13 bales of cotton in Charles- 
ton are worth 34 hhd. of sugar in New Orleans, how many 
hogsheads of sugar in New Orleans are worth 1500 bbl. of 
flour in Chicago ? 

58. Seven men all start together to travel the same way 
round an island 120 mi. in circumference, and continue to travel 
until they all come together again. They travel 5, 61, 74, 81, 
9}, 104, and 114 mi. a day respectively. In how many days 
will they all be together again ? 

59. If stock bought at 105 will pay 6% on the investment, 
what per cent will it pay if bought at 85? 

60. A man in dividing his estate among his sons gave A $9 
as often as B $5, and C $3 as often as B $7. C’s share was 
$ 3862.50. What was the value of the whole estate ? 

61. A drover sold some oxen at $ 28, cows at S17, and sheep 
at $7.50 per head, and received $749 for the lot. ‘There were 
twice as many cows as oxen, and three times as many sheep 
as cows. How many were there of each kind ? 

62. For what sum musta vessel, valued at $25000, be in- 
sured, so that in case of its loss, the owners may recover both 
the value of the vessel and the prenuum of 24% ? 

63. What will be the difference in the expense of fencing 
two fields of 25 acres each, one square, and the other in the 
form of a rectangle, whose length is twice its breadth, the fence 
costing $.624 a rod? 

64. At what time between 5 and 6 o’clock are the hour and 
minute hands of a watch exactly together ? : 
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65. A boy agreed to work fora merchant for 20 weeks, on 
condition that he should receive $20 and a coat. At the end 
.of 12 weeks the boy stopped working, and it was found that 
he was entitled to $9 and the coat. What was the value of the 
coat ? 

66. An irregular piece of land, containing 540 A. 36 sq. rd., 
is exchanged for a square piece containing the same area. What 
is the length of one of its sides? If divided into 42 equal 
squares, what will be the length of the side of each ? 

67. A general, forming his army into a square, had 284 men 
remaining; but increasing each side by one man, he wanted 25 
men to complete the square. How many men had he? 


68. Divide $3648 among 3 persons, so that the share of the 
first to that of the second shall be as 7 to 9, and of the first to 
the third as 3 to 4. ; 

69. Ifa lot of land, in the form of an oblong or rectangle, 
contains 6 A, 132 sq. rd., and its length is to its width:as 21 to 
13, what are its dimensions; and how many rods of fence will 
be required to inclose it ? ; 

70. i*ive persons are employed to build a house. A, B, G, 
and D can build it in 13 Gaye i B, C, and B in 15 days; A, 
B, D, and E in 12 days; A, C, D, and E in 19 days; and B, C, 
D, and if in 14 days. In how many days can all together build 
it; and which one could do the work alone in the shortest 
time ? 


71. Divide $500 among 3 men, in such a manner that the 
share of the second may be 4 greater than that of the first, and 
the share of the third 4 greater than that of the second. 


72. A and B engage in trade; A puts in $5000, and at the 
end of 4 mo. takes out a certain sum. B puts in $2500, and 
at the end of 5 mo. puts in $3000 more. At the end of the 
year A’s gain is $ 10662, and B’s is $1333}. What sum did 
A take out at the end of 4 mo. ? 

73. What sum of money, with its semiannual dividends of 
5% invested with it, will amount to $ 12750 in 2 yr.? 
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74. If apiece of silk cost $ .80 per yard, at what price shall 
it be marked, that the merchant may sell it at 10% less than 
the marked price, and still make 20% profit ? 

75. A merchant bought 20 pieces of cloth, each piece con- 
taining 25 yd. at $48 per yard on a credit of 9 mo.; he sold 
the goods at $ 42 per yard on a credit of 4 mo. What, was his 
net cash gain, money being worth 6% ? 

76. A owes B $1200, to be paid in equal annual payments 
of $ 200 each; but not being able to meet these payments at 
their maturities, and having an estate 10 years in reversion, he 
arranges with B to wait until he enters upon his estate, when 
he is to pay B the whole amount, with 8% compound interest. 
What sum will B then receive ? 

77. A man who was entitled to a perpetuity of $3000 a 
year, provided in: his will that, after his decease, his oldest son 
should receive it for 10 yr., then his second son for the next 
10 yr., and a literary institution forever afterward. What 
was the value of each bequest at the time of his decease, 
allowing compound interest at 6% ? 

78. B has 3 teams engaged in transportation; his horse 
team can perform the trip in 5 days, the mule team in 7 days, 
and the ox team in 11 days. Provided they stavt together, and 
each team rests a day after each trip, how many days will 
elapse before they all rest the same day ? 

79. Aman bought a farm for $4500, and agreed to pay 
principal and interest in 4 equal annual installments. How 
much was the annual payment, interest being 6% ? ; 

80. A man desires to set out a rectangular orchard of 864 
trees, so placed that the number of rows shall be to the num- 
ber of trees in a row, as 3 to 2. If the trees are 7 yards apart, 
how much ground will the orchard occupy ? 


ANSWERS. 


Page 27 (§65).—1. 2b, 30, 31, 32, 83, 34, 35, 36, 37, 38, 89, 3a, 
8b, 40, 41, 42, 48, 44, 45, 46, 47, 48, 49, 4a, 40, 50, 51, 52, 53, 54, 55, 
56, 57, 58, 59, 5a, 5b, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, Ba, 6d, 
70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 7a, 7b, 80, 81, 82, 83, 

2. 29, 2a, 30, 31, 32, 83, 34, 35, 86, 37, 38, 89, 3a, 40, 41, 42, 43, 44, 
45, 46, 47, 48, 49, 4a, 50, 51, 52, 53, 54, 65, 56, 57, 58, 69, 5a, 60, 61, 62, 
63, 64, G5, 66, 67, 68, 69. 

3. 1, 2, 10, 11, 12, 20, 21, 22, 100, 101, 102, 110, 111, 112, 120, 121, 
122, 200, 201, 202, 210, 211, 212, 220, 221, 222, 1000, 1001, 1002, 1010, 
1011, 1012, 1020, 1021, 1022, 1100, 1101, 1102, 1110, 1111, 1112, 1120, 
1121, 1122, 1200, 1201, 1202, 1210, 1211, 1212, 1220, 1221, 1222, 2000, 
2001, 2002, 2010, 2011, 2012, 2020, 2021, 2022, 2100, 2101, 2102, 2110, 
Q111, 2112, 2120, 2121, 2122, 2200, 2201, 2202, 2210, 2211, 2212, 2920, 
2221, 2222, 10000, 10001, 10002, 10010, 10011, 10012, 10020, 10021, 
10022, 10100, 10101, 10102, 10110, 10111, 10112, 10120, 10121, 10192, 
10200, 10201. 

4. 1, 2, 3, 10, 11, 12, 18, 20, 21, 22, 23, 80, 31, 32, 38, 100, 101, 102, 
103, 110, 111, 112, 113, 120, 121, 122, 128, 130, 181, 182, 183, 200, 201, 
202, 203, 210, 211, 212, 213, 220, 221, 222, 223, 230, 281, 232, 233, 300, 
301, 302, 308, 310, 311, 312, 313, 320, 321, 322, 323, 330, 331, 332, 333, 
1000, 1901, 1002, 1008, 1010, 1011, 1012, 1013, 1020, 1021, 1022, 1028, 
1030, 1031, 1032, 1033, 1100, 1101, 1102, 1103, 1110, 1111, 1112, 1113, 
1120, 1121, 1122, 1123, 1180, 1131, 1132, 1138, 1200, 1201, 1202, 1208, 
1210. 

5. 1, 2, 8, 4, 5, 10, 11, 12, 18, 14, 15, 20, 21, 22, 28, 24, 25, 80, 31, 32, 
38, 34, 35, 40, 41, 42, 43, 44, 45, 50, 61, 52, 53, 54, 55, 100, 101, 102, 103, 
104, 105, 110, 111, 112, 113, 114, 115, 120, 121, 122, 128, 124, 125, 180, 
131, 182, 153, 134, 135, 140, 141, 142, 143, 144, 145, 160, 151, 162, 153, 
154, 155, 200, 201, 202, 203, 204, 205, 210, 211, 212, 213, 214, 215, 220, 
221, 222, 223, 224, 295, 230, 231, 282, 233, 234, 235, 240, 241, 242, 243, 
244, 

6. 1, 2, 3, 4, 10, 11, 12, 13, 14, 20, 21, 22, 23, 24, 80, 81, 2, 33, 34, 40, 
41, 42, 43, 44, 100, 101, 102, 103, 104, 110, 111, 112, 118, 114, 120, 121, 
122, 128, 124, 180, 181, 132, 183, 134, 140, 141, 142, 143, 144, 200, 201, 
202, 208, 204, 210, 211, 212, 213, 214, 220, 221, 222, 228, 224, 280, 231, 
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232, 288, 234, 240, 241, 242, 243, 244, 300, 301, 302, 303, 304, 310, 311, 
312, 313, 314, 320, 321, 322, $28, 324, 330, 331, 332, 333, 334, 340, 341, 
842, 343, 344, 400. 

7. 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 1110, 
1111, 10000, 10001, 10010, 10011, 10100, 10101, 10110, 10111, 11000, 11001, 
11010, 11011, 11100, 11101, 11110, 11111, 100000, 1000U1, 100010, 100011, 
100100, 100101, 100110, 100111, 101000, 101001, 101010, 101011, 101100, 
101101, 101110, 101111, 110000, 110001, 110010, 110011, 110100, 110101, 
110110, 110111, 111000, 111001, 111010, 111011, 111100, 111101, 111110, 
111111, 1000000, 1000001, 1000010, 1000011, 1000100, 1000101, 1000110, 
1000111, 1001000, 1001001, 1001010, 1001011, 1001100, 1001101, 1001110, 
1001111, 1010000, 1010001, 1010010, 1010011, 1010100, 1010101, 1010110, 
1010111, 1011000, 1011001, 1011010, 1011011, 1011100, 1011101, 1011110, 
1011111, 1100000, 1100001, 1100010, 1100011, 1100100, 

8. 1, 2, 8, 4, 6, 6, 7, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 28, 24, 26, 
26, 27, 30, 31, 82, 33, 34, 35, 36, 37, 40, 41, 42, 43, 41, 45, 46, 47, 50, 51, 
62, 53, 54, 65, 56, 57, 60, 61, 62, 63, 64, 65, 66, 67, 70, 71, 72, 73, 74, 75, 
76, 77, 100, 101, 102, 103, 104, 105, 106, 107, 110, 111, 112, 113, 114, 116, 
116, 117, 120, 121, 122, 128, 124, 125, 126, 127, 180, 151, 182,°138, 184, 
135, 186, 137, 140, 141, 142, 143, 144. 

9. 1, 2, 3, 4, 5, 6, 10, 11, 12, 13, 14, 15, 16, 20, 21, 22, 23, 24, 25, 26, 
30, 31, 32, 33, 34, 35, 36, 40, 41, 42, 43, 44, 45, 46, 50, 51, 52, 53, 54, 55, 
56, 60, 61, 62, 63, G4, 65, 66, 100, 101, 102, 103, 104, 105, 106, 110, 111, 
112, 118, 114, 115, 116, 120, 121, 122, 123, 124, 125, 126, 130, 181, 132, 
133, 184, 185, 186, 140, 141, 142, 143, 144, 145; 146, 150, 151, 152, 153, 
154, 155, 156, 160, 161, 162, 163, 164, 165, 166, 200, 201, 202. 

10. 1, 2,3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 40, 41, 42, 43, 44, 45, 
46, 47, 48, 50, 51, 52, 58, 54, 55, 56, 57, 58, GO, 61, 62, 63, 64, 65, 66, 67, 
68, 70, 71, 72, 73, 74, 75, 76, 77, 78, 80, 81, 82, 83, 84, 85, 86, 87, 88, 100, 
101, 102, 103, 104, 105, 106, 107, 108, 110, 111, 112, 115, 114, 115, 116, 
117, 118, 120, 121. 

(§ 66.) —2. 11101100; 1011111101; 10100001010. 3. 13233; 302320; 
1312232 ; 30000800. 4. Ternary, 22200220; 100212012; 110021011. 
Senary, 45210; 658135; 105221. Quinary, 200332; 212222; 241231. 
5. Septenary, 56; 1020; 6531. Octary, 51; 545; 4425. 6. Nonary, 32; 
121; 274; 4804. Undenary, 27; 91; 199; 2754. Duodecimal, 25; 84; 
171; 2094. . 

Page 28.—2. 31. 38.101. 4. 440. 5. 2240. 6.1969. 7. 15960. 
8.19441. 9. 38470. 10. 45637. 11. 96020. 12. 32. 18. 728. 14. 4095, 
15, 15624. 16. 46655. 17. 117648. 

Page 30.—3. 26754. 4. 2091677. 5. 1982740.540. 6. 455059.8502. 
7. 3189, 8, 289142. 9. 415184. 10. 2.97476. 11. 191.675567. 

Page 31.— 12, 2.50000. 13. 2466051. 14. 206029552. 15. 1860750. 
16, 2.841. 17. .385100. : 
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Page 32 (§ 74).—2. 71064. 3. 719419. 4. 2454.67. 5. 341283.58, 

(§ 75.) — $1373.68. 2. $931.93. 3. $15740.77. 4. $95735.98, 

Page 33. — 5. $3434.80. 6. $7222.54. 7. $73785,18. 8. $750026.81. 

Page 36.—1. Area, 168665; population, 17401545. 2. Area, 282535; 
population, 8857920. 

Page 37.—3. Area, 765855; population, 22362279. 4, Area, 588890; 
population, 10972893. 5. Area, 1187535; population, 3027613. 

Page 38. —6. Total area of U.5., 3668167 ; total population of U. S., 
62970766. 7. $140900. 8. 3238 years. 9. Population, 6660402, 
10. 3886.87 rods. 11. 297090000 people. 

Page 40.—3. 21251. 4. 5036. 5. 49303789. 6. 6043.726. 

Page 41 (§ 86).—7. 57788. 8. 3661, 9. 22011.95. 10. 3271.1. 
11. .8dU6. 12. 999.999. 18. 9999,9999. 14. 174333815. “15. 2361650877. 
16. 866023804, 17. 9000031. 18. 222213.112. 19. 12.4056. 20. 9.8674581. 

(§ 87.) —2. 10399. 3. 57120. 4. 278126. 5. 2082200. 

Page 42.—2. 244. 3. 3991424. 4. 4232. 5. 93019. 6. 1686943. 
7. GS909.A0124. 8, 400052. 9, 11568.5. 10. 729; 81635; 6598750. 

Page 43.—1. $393.63. 2. $683.37. 

Page 45. = 809002 inhab, 2 S86yr, 8. $40342.89. 4. 65617 
acres. 6. $232131085. 6. $6024898.30. 7. $78870217. 8. Dif. in 
area, 625224 sq. mi.; dif. in population, 298520234. 9. 1066824 inhab, 

Page 46.—10, 145576 mi. 11. 5516012 inhab, 12. $8870. 
257.99, 14. $22511951; $380388240; $62900191. 16. 2652.14. 
S.1. 17%. $6204. 18. $6045. 19. 6600 sq. mi. 20. 3138280, 
47.—21. $1957. 22. 736335 sq. mi. 28. $ 24041429, 
3450014.20. 25. 8027613 inhab. 26. 24077.9073. 27. 653981.95. 
28. $542,165. 

Page 50.~-4. 4275. 5. 44408. 6. 825468. 7. 1654768. 

Pas ge 51.—8. 51978. 9. 31884470. 10. 43506216, 11. 4828805.8. 
12. 275029248. 13. 1288804.68. 14. § 16924320. 15. 24500 tons. 
16. $11844. 17. $1780000. 18. $118.85. 19. $2.26. 20. $80; $150. 
21. $1094.96. 22. $106216730,06. 23. $9733. 

Page 52.24. $180. 25. $510, gain. 26. $19700. 27. $6000; 
$6.25. 28. 81.6816 in. 

Page 53.—2. 5184. 3. 248832. 4. 16625. 5. 823543. 6. 180321. 
7. 729. 8. 59049. 9. 1331. 10. 824. 11. 244140625, 12. 617796. 
13. 689869781056. 14. 100000000. 15. 4913. 16. 996250626251. 
17. 1771561000000: 18. 115200. 19. 50626. 

Page 55.—1. 15 sq. yd.; $26.25. 2. 100 sq. ft. more in the first. 
3. 87.5 sq. ft. 4. 87.5 sq. ft. 5. 613 sq. ft. 6, $4931.25. 7. 31.416 in. 
8. 9.4248 yd. 9. 81.6816 ft. 10. 631.4616 yd. 11. 15.708 ft. 12, 201.0624 
sq. in. 18. 104062.3584 sq. ft. 14. 49087.5 sq. in. 15. 110446.875 sq. ft. 
16. 415.4766 sq. ft. 17. 3750 cu. ft. 18. 9355500 cu. ft. 19. 1225 cu. in. 

Page 57.—2. 17064. 8. 30128. 4, 2340660. 5. 1181264. 
G. 1703123760 cu. ft, 
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Page 58 (§ 129).—2. 16445. 3. 20686. 4. 573419. 5. 768592, 
6. 1118299, 7. 8472524. 

(§ 130.) —2. 36400., 3. 248000. 4. 229130000. 5. 160200000, 
6. 2399900000. 7. 2056000000. 8. $60000. 9. 100000000000. 
10. 1000000. 

Page 59.—2. 222000. 3. 8640000. 4. 10350000. 5. 1202901400. 
6. 192128000. 7. 8935600. 8. 3280. 9. $3800000. 10. $60000, 
11. 3690000. 

Page 60. —4. 1422864. 5. 2728985. 6. 25968305808. 7. 400764105. 
8. 10006582580049. 9. 239700438760536. 10. 250923624151612740. 
11. 11489737271320. 

Page 61 (§$ 133).—2. 77616. 8. 686712.7. 4. 4782952.17. 
5. 755999244. 

(§ 134.) —2. 78098. 8. 415392. 4. 7306016. 5. 7834132.5, 
6. 437627260. 7. 707781045.848. 


Page 62.—2. 7371. 3. 46158315. 4. 840913. 5. 18219600. 
6. 3907781.4. 7. 1430815.05. 8. 21157.5. 9. 328,848. 
10. 4506.06. 

Page 63 (§ 136).—2. 4031593. 3. 28781.89. 4, 3855774.5. 


5. 4123223078. 

(§ 137.) —2. 96061842. 3. 642158. 4. 59839.4016. 6. 674047.5. 

Page 64 (§ 138).—2. 729. 3. 2401. 4. 784. 5. 676. 6. 1621. 
7. 1444. 8. 1369. 9. 1296. 10. 1225. 5929. 12. 7744. 
18. 9801. 14. 4761. 15. 4624. 16. 3844. 17. Bs 18. 6889. 
19. 9409. 

(§ 139.) —2. 9999800001. 3. 999998000001. 4. 8999999982000000009. 

Page 65.—2. 10925. 3. 17180. 4. 19118846662. 5. 9483025, 
6. 9820375. 7. 8241000. 

Page 66. —2. 36125925. 3. 418451250. 4. 2847075. 5. 2253093333}. 
6. 34083150. 7. 129840250. 

Page 67.—2. $142. 3. $3.50. 4. $64. 5. $80, 6. $4.60. 

Page 68.—1. $95.98. 

Page 69.—2. $2799.50. 3. $4031.60. 

Page 70.—4. $3824.80. 5. $414.01. 

Page 71.—6: $380.50. 7. $16.27. 

Page 73.—1. $16740. 2. $1120. 

Page 74.—38. 1037 mi. 4. $83 profit. 5. 405000 cu. ft. 6, 49657, 
7. 46207. 8. $21550. 9. $14265. 10. 663005. 11. 11875 mi.; 
68125 mi. 12. $1258250. 13. 3481 sq. ft. 14. $36. 7 

Page 78.—4. 78972. 5. 121562. 6. 152329. 7. 6086847. 
8. 4732. 9. 872.1. 10. 5280. 11. 291.05. 12. 7198. 18. 1.5607. 
14. .4834. 15. 125397344. 16. 5.48. 17. 20.8475. 18. 7.071. 
19. 2478499. 20. 5851342. 21. 591.8624. 22. 15.3958. 23. 9015998. 
24. $404215. 25. $.35. 26. 56mi. 27. 243303 mi. 28. $876. 
29. $6736.85. 30. 25, 31. 28,25 people. 
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Page 83 (§ 173).—-2. 378. 3, 912, 4. 87804. 5. 9508. 6. 452. 
7. 112. 8, 402524 %,. 9. 4629. 10. 4113952. 11. 842,79,. 

(§ 174.) —2. 209. 3. 896. 4. 618. 5. 333. 6. 1519. 7. 360. 
8. 104. 9. 4725. 10. 75. 11. 360. 

Page 84.—2. Quot. 29, rem. 4. 3. Quot. 84, rem. 16. 4. Quot. 248, 
rem. 2. 5. Quot. 364, rem. 1. 6. Quot. 5789, rem. 10. 7. Quot. 4176, 
rem. 11. 8. Quot. 5833, rem. 15. 9. Quot, 36, rem. 13. 10. Quot. 96, 
rem. 103. 11. Quot. 84, rem. 119. 12. Quot. 206, rem. 131. 18. Quot. - 
437, rem. 106. 14. Quot. 472, rem. 124. 15. Quot. 536, rem. 719. 

Page 85.—2. 7y'5. 3. 798% 4 Ar’rp 5. 23h085. 6. 36.0035. 
7. 23.735; h5. 

Page 86 (§177).—2. 8539. 3. 27373. 4. S2y48y. 5. 360;365. 
6. 1453}9°. 7. 82062499. 8 3005. 9. 12.19$54. 

($178.)—2. 1509)y%. 8. 4059. 4, QUES. «BL AOR Ms 
6. 1623589. 7. 86120489. 

(§ 179.) —2. 2589. 3. 62.848. 4. 1.548. 5. 1.388592. 6. 122.36. 
Y. 34.5804. ‘ 

Page 87.—3. 25. 4. 217 9%. 65. 1643. 6. 13P4%. 7. 0737. 
8. 1115% 9. 933. 10. 71323. 11. 178. 12 1.34%. 18. 900. 
14. 3.86,'), 

Page 89. —1. 52 bbl. 2. $25. 38. $36. 4. 75. 6. 100 months. 
6. 450. 7. 472. 

Page 90. —8. 9253764. 9. 13 39180. 10. $1875 ; $24375. 11. $1877.50. 
12. 201. 18. 232 sheep and hogs; $348. 14. 772. 15. $8, gain per 
head ; 175 eattle. 16, $59. 17, A, 390486 votes ; B, 184813 votes. 
18, 281 states ; 1840 sq. mi. rem. 19, 1756. 

Page 91.—20. 24days. 21. $558. 22. Sf boxes. 28. 13§34 mi. 
24. 215 tons. 25. $120. 26. 1720 acres; $14. 27. 11934 sq. ft. 
28. S419. 29. 80; 6. . 

Page 93.—3. $.80. 4. $46. 5. 73° 6. 1043. 7. 838°. 8. $7.64. 
9. $.343. 10. § 282.20. : . 

Page 95.—8. 360. 4. 1638. 5. 31. 6. 9000. 7. 17496. 8. 80. 
9. 322. 10. 152844. 11. 37200. 12. 8004000. 18. 17. 14. 16. 

Page 101. —1. $246.84. 2.$70. 3.$1.60. 4.$193.875. 5. $518.40. 
6. $55942.48. 7. $32.80. 8. 316. 80; $15.14. 9. 8 yd. 10. $.87. 

Page 109.—2. 2,5,5,43. 3. 3, 5,163. 4. 2 
5. 2,2, 2, 2,2, 2, 9,2, 2,2,8,7. CEH TS 
8. 5, 5, 5, 5, 5, 5, 6, 5. 9. 11, 

Page 112.—3. 2 
6. 7, 83, 108. 7. 3, 5, 7, 4 6 
17,29. 10. 2, 2, 2, 8, 17, 19, 23. 

Page 113.—3. 1, 2, a8 12, 18,36. 4. 1, 2, 3,4, 5, 6, 10, 12, 
15, oes 30, 60. 5. 1, 2; 3, 4, 5, 6, 8, 10, 12, 15, 20, 24, 30, 40, 60, 120. 
6. 1, 2, 3, 4, 6, 7, 12, 14, 21, ae 42, 84. 1. 1, 2, 3, 5, 6, 9, 10, 16, 18, 
80, 45,90. 8. 1,8,5,9, 15,45. 9, 1,2, 4,5, 10, 20, 25, 50,100. 10. 1, 


17, 17,29. 5. 2, 11, 19, 487. 
9, 2 2, 2% 41, 149. 9. 13, 
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5, 25, 125. 11. 1,2, 8, 5, 6, 10, 15; 25, 80, 50, 75, 150. 12. 1, 2, 8, 4, 6, 
6, 7, 10, 12, 14, 15, 20, 21, 28, 30, 35, 42, 60, 70, 84, 105, 140, 210, 420. 
18. 1, 5, 73, 365. 14. 1, 2, 3, 5, 6, 7, 10, 14, 15, 21, 25, 30, 35, 42, 50, 70, 
75, 105, 150, 175, 210, 350, 525, 1050. 

Page 115.—2. 5. 3.6. 4 51. 5. 63. 6. 91. 7 21. 8. 46. 
9. 360. 10. S84. 11. 28. 12. 42. 13. 72. 

Page 117.—38. 28. 4. 1]. 5. 1. 6. 18. 7. 17. 8. 337. 9. 97. 
10. 23. 11. 1009. 12. 78. 18. 7. 14. 47. 15. 91 bu. 16. 11 ft. 

Page 118.—17. B, 5 horses; C, 9 horses; D, 12 horses. 18, 26880 
rails. 19. $24; A, 5 cows; B, 10 cows; C, 16 cows, 20. 4 rods. 
21. Qacres. 22. 21 bu. 23. 7ft. 24. 2885 bags. 25. $26. 

Page 121. —4. 1080. 5. 156. 6. 4896. 7. 216. 8. 660. 
9. 12096. 10. 12600. 11. 360. 12. 1400 rods. 18. 72 rods. 
14. 174339 mi. 

Page 123.—4. 80. 5. 32. 6. 61. 7. 14839. 8. 403. 9. 79 
firkins. 10. ll yd.; 22 yd. 11. 3.60. 12. $.50. 

Page 128 (§ 248).—2. §. 8. }. 4 § 5 3 6. 4h 7. diy. 
8. 32. 9. 37. 10. $f. 11. 44. ‘ 

(§ 249.) —2. 16.- 8. 14. 4. 26}}. 5. 243. 6. 283. 7 1567. 
8. 444. 9. 1008. 10. 982%. 11. S1yy. 

Page 129 (§ 250).—2. 19%. 3. 39,00, 4, UAi2, 5. 24 Ib. 
6. 25h days. 7. 19982 ft, 8. 4292 mi. 


§ 251.) —2. 42, 3, Hf. 4. A904, 6. SOG4, 6, 29001, 7, 10900, 

oa atte 10) Fea ae ae rs sap gt8. 13. 12013, 
age —2. 4% &S, $f. - $f 6. yoo oT. OR 
8. 4512. 

Page 131 (§ 253). —2. 18, 1 th, df. » gies Poor Y8s- 
5. 34, fh, ot 6. $5, Wes 4b. : 

(§ 254.) —2 “4, ot is 2 1 #4. 5. $4, $4. 
#y. 6. $3, 23, 33, 7 7. # Ss esr thi, Yee 
9. §¢, 5 oh be 10. tits Wa 12. 19538, 
SSH, UT. 18. $495, $335 

Page 133.—4. 2}. 5. 14. 64}. 9. 23a. 
10. 422§. 11. 33. 12. 172. 13. 


17. 1243. 18. 1414. 19. 2f. . 134. t 
23, 116132. 24. 34). 25. 3 26. 3137. 27. 160}7 1b. 28, 8}. 
29. 12. 30. 241}¢acres. 81. 18737 yd.; $66615. 

Page 135.—4. y;. 5. }. 6. }. ates te 8) $8. 10M. 
Te LD eee men LS ae 14) veto 15. ake, 
18. 704. 19. 74. 20. 12,%. 21. Li. 22. 
24. 777,. 25. 13] gal. 26. gptbiactss: 27. 
29. 19%,. 80. 7939. 31. 19343. 32. 31. 33. 
35. $6042%. 

Page 138.—4. 22. 5. 12. 6. 3%. 7. 1). 8 2 9 6 10. 15. 
11. 2%. 12. 630. 13. 119}. 14. 5. 16. 4. 16.18). 17. 3. 18, yy 
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19. yhs- 20. py. 21. gh. 22. yt. 28. 10. 24. yhs. 25. 134483. 
26. 339%. 27. 3. 28 py. 29. 3. 80. x. S81. yy. 82. yy. 
33. §}. 84. 43934. 85. $253. 86. wrvs. 37. 25$ bu. 88. 2184)}2. 

Page 139.—39. $4. 40. $44. 41. H. 42. ir. 43. 49); acres, 
44. 30¢ bbl. 45. $}. 46. 47 acres. 47. 1494. 48. 94}4 bbl. 
49. 342,53. 650. $257. 51. 3}. 52. , A’sshare; /;, B’s share; 
fs, C’s share; .';, D’s share. 53. 3645. 

Page 141.—5. 3; 6 ¥. 7. 

il. i 12. 7}. 18. % 14. 1}. 
19. 1yy. 20. 3. 

Page 142.—22. $ 28. 2. 24. 7h. 25. U8. 26. 3. 27. 3f. 
28. 271, 3y. 29. 24. 80. Sy4. 81. 17} days. 32. $674. 33. 22 pints. 
84. $4,%,. 35. 101%. 36. 833. 87. 1H. 
8 


. 87}. 10. 36, 
(ho Gy IE, 


rage 144 (§ 265).—6. }. 7.4. 8. sy. 9.2. 10. yy. 11. gy. 18 A. 
13. 14. s- 15. fy. 16. J. 17. 39. 18. 1g. 19. 4. 20. 3 
21. 22. 1E0. 23. 475, 24. 1. 25. 4. 26, 62. 27. 7}. 28. 193, 
29. 30. py Sl. ay 82. 9. 88. A. 84 14 85. 99 861 235, 
87. ; 


fr 
(§ 266.) —8. 105. 4. 140. 5. 60. 6. 56. 7. 363. 8. 240. 9. 540, 
10. 1100. 11. 882. 12 }%. 18. 62. 14. 2), 15. 760. 16. 270, 
17. 46. 18. 2}. 


Page 146.—2. t4+}+445+4 8. babetetetitetetere 
4. }+hbet+h 5 We We Wy Wis rg a 

Page 147. a 4, 3,44 tes 8 tty tn te ase ty ae Petr 
5. dss foo Yeo) Tos bh tid hv 7k 7 ys 8 Pei 9. ey 

Page 149.—2. iz. 8: vy. 4 gy. 6) Oy Gomer ranDD 
casks ; Ist kind, 21 casks; 2d kind, 20 casks ; 3d kind, 18 casks. 

Page 151. —2. 11}. 8. 20)% 4. re -5. 2620, 6. 60. 


7. 459% ft. 
Page 152.—1. yx. 2. 36, as, F2, 44 8. 630. 4. 2 times. 
6. 323. 6. 3. 7. Ty%;. 8. 2884. 9. $840. 10. $31}. 11. 897.5 


63%. 12. A’s, $875; B’s, $1125. 13. Horse, $500; carriage, $200.. 


14. 10 mi. 15. 13}$ yd. 

Page 153.—16. 73 bu. 17.$5. 18. $15000. 19. 18 bu. 20. 503. 
21. $12000; $2500. 22. 9% tons. 23. 4}. 25. 33da. 26. 8{ min. 

Page 154.—27. 9}}7 min. 28, 49 acres. 29. 34h yd. 30. $5141}. 
31. $22000. 32. $4. 88. $1840. 84. }. 86. 1Sbbl. 37. 60 gal. 

Page 155.—38. 178hda. 39. 35} mi; 203 mi. 40. _ } and yy. 
41. By 3 C, hf. 42 S$. 48. 95352 1b. 44. 1235. 45. $720. 
46. 100 ft. 47. 36 ft. 48. 12hours, 49. y;. 

Page ‘156. —50. 23. 51. Gy; 52. 18. 54. A, 30 da.; B, 18} da; 
C,10¢2 da. 55. All, 61§ min.; A, 18; min.; B, 14, min. ; C, 343 min. 
56. A, B, and C, 33da.; A and C, 45 ase ; =e 18} da. ; C, 10}¢da, 51. 20. 

Page 158.—2. }. 3 $f 4 cy. 5 1 6 %. T rhs 8 2 
Og. 10. J. IL. yprs- “12. ee an miso (15. $16. f 

‘ ROB. NEW HIGHER AR. — 83 
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18, 3. 19. y2%y. 20. $3. 21. 4. 22 yy. 23. 2437. 24 a5. 


Page 159.—3, .75. 4. .8125. 5. 875. 6. .66. 7. .8125. 8. .04. 
9. .068. 10. .59375 11. .0021875. 12. .29167+. 18. .60625. 
14. .767857+. 15. .86585+. 16. .078125. 17. .62288—. 18. .245, 
19. 5.783125. 20. .30088. 21. 4.008. 22. 380007. 23. 102.09375. 

Page 160.—2. .3075. 3. .10464. 4. 2.0125. 5. .0189. 6. 9.3654. 
7. .0000375. 8. 1.04976. 9. 17.019. 10. 572.8. 11. 360. 12. 57600. 
13. 42.625. 14. 15.15. 16. 31.74. 16. 1. 

Page 161.—17. 277.288. 18. 4.626. 19. 4612.14]b. 20. 102.2 bu. 
21. $147.96. 

Page 163.—4. 937.9272+. 

Page 164.—5. 8.954. 6. 24.0084. 7. 360.63664. 8. 1906.4967+. 
9. 90.89990 +. 10. 12008.421+. 11. 548.07+. 12. 461.4054. 
13. 103.418+. 14. 27.166+. 15, 158.4+-. 16. 407.24620+. 
17. 360.004 degrees. 18. 299.164 lb. 19. 523.584 yd. 20. Polar rad., 
3949.33 + mi.; equat. rad., 3962.574 mi. ; dif., 13.244 mi. 

Page 166.— 2.27800. 3. .85. 4. 234. 5, .2. 6. 4602. 7. .001679+4. 
8. .8666+. 9. 60000. 10. .00666+. 11. .0075. 12. .0000436. 
13. 6455. 14. 25 men. 15. Gcoats. 16. 18.547+ days. 17. 370.54 
revolutions. 18. 16806.72 marks. 19. $.00088; $3.50. 20. 200 pounds 
sterling. 21. 11.1408 feet. 22. 500. 

Page 168. —2. 6.3284. 3. 485.464. 4. .112884. 5. 11.2214, 
6. 332.9424. 7. 11.86294+. 8. .992425+. 

Page 173 (§ 302). —2. fr 8. 3 4 yr 5. py. 6 43. 7. Be 

i 11. 15 


8. 4,. 9. 211 ¢, sey: 
($303) = 3.40 4 wh. 5. 478. 6. 32. 7. AR. 8. YA 9. fh 
10. 5y,. het. f 


Page 174. =9 143333933; .67575757 ; «45675675; «508787877. 
3. .57888 ; .87378 ; .24855; .04040. 4. 1.3413413; 4.5645645; 3414141. 
5. ‘5674567456745 ; 3d444aasssaad ; 2472472472472 ; 6767676767676. 
6. 1.24124124124124124;  .05785785785785785; 44444444444 144444 ; 


.47321473214732147. 4 .T1T7777 7777 ; 4567777777777 ; 
2424242494949 ; .3467894678946. 8. .S88S88888SS8888sassss ; 
" 36363636363636363636 ; 45874587458745874587 ; .54567345673456734567 ; 
.27846789432784678043. 9. .STSSSSSSS8SSSS8SS8sssss ; 
.84141414141414141414141 ; 4 45077777 TITTTTTIT7717777 5 


-47321473214732147321473. 10. .248555555 ; .454545454; .341111111; 
1.341341341. 

Page 176 (§ 306).—3. 1. 4. 1.86. 5. 10,.3918099. 6. 18.4275184 
7. 18243. 8. 4.61. 9. .55656. 10. .2i. 

(§ 307.) —3. 2.472. 4. .7783. 5. .693. 3: 
8. 41362530. 9. .7857142. 10. .194805. 11. 1.4710037. 
18. .0257146034923812701590479368. 14. 1.299705646240. 
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Page 212. —2. 97397 gr. 3. 128000 far. 4. 6336000 in. 5. 1920 rd. 
6. 6'L. 6 cwt. 7. $17.64. 8. 356.58. 9. 563 bbl. 10. $2.60. 
11. 525060". 12. 36524 da. 18. $108. 14. 53025 m. 

Page 213.—15. 2970 volumes. 16. 9501120 min. 17. 116440 d. 
18. 7875 mills. 19, $31.714. 20. $.0167 per yd. cheaper by the yd. 
21. $616.036. 22. 4645000 em, 23. 182400 steps. 24, 45,724m, 
25. .0370811U; 370.81". 26. $69.72. 27. 7551368 sq. 1. 28. 64 in. 
29. 518.7 miles. 30. 5760 sq. rd. 81. $9169.60. 32. $184.82. 

Page 214 (§ 392). —33. 157 boxes. 34. 56232"; 6623200e™, 
85. $10.20. 36. $82.60. 87. 22350000000%™; §522997.9 acres. 
38. 2534000000 em, 

(§ 393.)—2. dpwt. 8 $pt. 4 Syd. 5. dggi. 6. pyyy dr. 
1. $.00ph5- 

Page 215 (§ 393).—8. §1. 9. $gr. 10. 2yd. 11. 8$da 12. 
sq. rd. 

(§ 394.) —2. 2 ft. 82in. 3. 24da. 4. 18 cwt.961b.140z. 5. 11 cwt. 
12 lb. 7%} oz. 6,113 23. 7, 86 sq. rd. 4 sq. yd. 5 sq. ft. 127 sq, in. 
8. 137 rd. 2ft. 44 in. 9. 6 gross 10 doz. 3% units. 10. 12150 mi. 11. 2Cd. 
5 cd. ft. 93 cu. ft. 

Page 216 (§ 394).—12. 288rd. 13.33 35m. 14. 12° 51! 258!. 
15. 33 gal. 3 qt. 1 pt. 1yy gi. 

(§ 395.) —2. 16 h. 28 min. 48 sec. 3. 90z. 3 pwt. 14.4 gr. 4. 212 rd. 
5. 55 gal. 1 pt. 6. 17s.2.4+4 far. 7. 42/54". 8. 33 ft. 9. 50! 48.84”, 
10. 1 ft. 1.5in. 11, 37560¢. : 

Page 218.—3. 3T. l4dcwt. 74]b.120z.16 dr. 4. 17]b. 5. 15 mi. 
250 rd. 2 yd. 2 ft.4in. 6.42 A. 7. 70 Cd. 2 cd. ft. 8 cu. ft. 8. 15 hhd. 
19 gal. 3qt.1 pt. 9. 846 bu. 10. 5Ue6Psis. 11, £12861d. 8 far. 
12. 82 halfcrowns8d. 18. 1Cong.302f3 21m. 14.$.16. 15. 78125 
great gross. 16, 9S, 13°26’. 17. 4 da. 18h. 16 min. 45 sec. 18. 6°62!. 
19. 864 score. 20. 12448.8mi. 21. 639da.4hr. 30min. 22. 3 mi. 
23. 174 A. 24. 300%. 25. . 76458 

Page 219. —26. 25.6 *. 27. $225.75. 28. $79.20. 29. 1.525 
cu.in. 381. 10,, ft. 82. 64), ft. deep; 7031$3 gal. 83. 1093 barrels. 
34. 445,7888,5, bu. 85. $10.71. 36. 2933! loads. 

Page 220.—37. 550 loads. 38. $1.25. 89. 30sq. rd. 40. 193 gal. 
41. 1408 cords. 42. 322 barrels. 48. 146} mi. 44. 10001 Ib. ‘Troy. 
45. Ai. sq. yd. 46. 35 ft. 47. 513}} mi. 48. $33. 49. 22 cu. ft. 
50. $1722.971. 51. $13.60. 52. 240M! 53. 1008. 54. 2.759 cords. 

Page 221.—2. £45. 3. ;iglb. Troy. 4. ay5T. 5. qish. 6 veh. 
7. axipy Mi. 8. yy gross. 9. gery hhd. 10. fof2pk. 11. fy Cd. 
12. pry A. 18. 123 mi. 14. }} Pch. 15. $25 Cd. 16. 4, ell. 

Page 222.—2. 3A. 3. § mi. 4. £13. 5. sj}, 0f21 Ib. 6. ff of 
3wk. 7 y,bu. 8 3}hhg. 9 $ofabale. 10. 3$ of 54 Cd. 
11. $6.30. 12.2Cong. 18. yi3;T. 14. 98; yr- 

Page 223.—2. .7725 wk. 3. .11643S. 4. .7lof4oz. 5, .712 fur. 


; 
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.27083 Ib. 7. .0054893+ ‘Tp. 8. .625 fath. 9. .09 of 14 bu 
10. .001625 T. 11. .7£35.° 12. .20188+ tun. 13. 201.5%). 

Page 225.—3. 66 lb. 11 oz. 9 pwt. 6 gr. 4, 681b.45 53 25 19 gr. 
5. 3 mi.2 fur. 27 rd. 16 ft. 6. 1017 A. 109 sq. rd. 15 sq. yd. 5 sq. ft. 72 
sq. in. 7. 2'T. 3cwt. 97 Ib. 6 0z. 8. 16 yd. 2 ft.1lin. 9. 16 Cd. 4 cd. ft. 
4 cu. ft. 10. 1éMm §Km 1] Dm gm Gdm Sem 4 5Gmm, 

Page 226.—11. 2 hhd. 28 gal. ~ qt. 3 gi. 12. 156 A. 39} sq rd. 
13, 62 bu. 1 pk. 5 qt. 13 pt. 14,5M1 KI 9H 7D171 74, 16, 1 rd. 
4yd.8in. 16. 53 yr.7 mo. 9 da. 38 hr. 52min. 17, 6S. 3°33! 14.5” 
18, 282Hm 6) sa Dm GO sam ]headm GOsacm, = 19. es units. 20. 240 A. ; 
the parts are adjacent. 21. lrd.lyd.7hin. 22. 5 1b.1035 43 255 gr, 
28. $95.70. 24. $30.20. 25. .09144Km, 26. 219,495 cu. “ya. removed ; 
$38.24. 

Page 228.—4. 115 mi. 5 fur. 16rd. 15 ft. lin. 5. 170 A. 24.79 sq. yd. 
6. 2hhd. 54 gal. lg qt. 7. 34yr.3 mo. 22 da.10.7h. 8. 11 rd. 11f in. 
9. 12 cwt. 85 lb.6 oz. 10. 1 wk. 6 da. 5h. 17 min. 164 sec. 11. 32 gal. 
12. 1A. 57 sq. rd. 18. 10 lb. 7 0z. 10 pwt. 14. 25 Cd. 5 ed. ft. 4 cu. ft. 
15. 4 bbl. 11 gal. 1 qt. 16. 4da-49 min. 30sec. 17. 6% doz. 

Page 229.—18. 2471rd.5yd.5in. 19. 2A. 158 sq. rd. 18.48 sq. yd. 
20. 200A. 21. 4dqt. 22. 33 wk.1lda.1lh. 108 min. 23. 1462 rd. 
24. 27.993+ yd.; 25.5972™. 25. 9 gal. 3.46 qt. 26. 1078; bu. 27. 2M 
5Ke 4s 7De 46. 28. $3513.19. 29. 5cu. yd. 7 cu. it. 756 cu. in. 
80. 8.25™. 81. 1lb. 30z. 8 pwt. 21 gr. 32. 5A. 95 sq. rd. 6 sq. yd. 

Page 231.—2. 7yr.9mo.lda. 4. lll yr.2mo. 5. 289 yr. 1 mo. 
lida. 6. 70da. 7. 300da. 8. 9yr.4mo.18da. 9. 2 yr. 4 mo. 3 da. 
10. 40 yr.1da. 12. 4 yr. 5 mo, 8 da. 9 h. 22 min. 18, 4 yr. 10 mo. 
9da.8h.15 min. 14. aot da. 

Page 233.—3. 102 T. 2 cwt. 20 Ib. 8 oz. 4. 133 mi. 6 fur. 11 rd. 
Syd. 1} ft. 5. 44.A. 122 sq. rd. 9sq. yd. 6 sq. ft. 6. 131 Cd. 5 ed. ft. 
12 cu. ft. 7. 489 bu. 1 pk. 3 qt. 8. 182 lb. 7 0z. 4.9 pwt. 9. 27 1b. 73 
732D ld gr. 10. 549 gal. 3 qt. 11. 1222 A. 7 sq. rd. 234 sq. yd. 
12. 686 cu. yd. 7 cu. ft. 272 cu. in. 13. 160 lb. 8 oz. 11 pwt. 6 gr. 
14. 557 yd. 2 ft. 11.6 in. 15, 45 gal. 16. £174. 17. 56 T. 8 ewt, 
18. 2500Ks, 

Page 234.—19. 22 Cong. 70 13f3 2f3. 20. 62 hhd. 39 gal. 1 qt. 
lpt. .2gi. 21. 16T. 8 cwt. 2 qr. 20.65 lb. 22. 11 hhd. 26 gal. 1 pt. 
2.4 gi. 23. 5760 rails ; $230.40. 24. $2053.002. 25. 7600s. 26. $123.20. 
27. 4014 A. 28. 120A. left; $27.20, gain. 29. 420A. left; $635, 
gain. 30. 17 bu. 1 pk. 6 qt. 

Page 236. —3. 49 gal. 2 qt. 1 pt. 4. 19T. 13 ewt. 2 qr. 16 lb. 
5. 51 A. 31 sq. rd. 8 sq. ft. 6. 21 bu. 1 pk. 5 qt. 1 pt. 7. 181.25™; 
372.3825 bu. 8.16yd.24in. 9. 5sq. yd. 8sq. ft. 106sq.in. 10. 10 cu. yd. 
3 cu, ft. 428.15 cu.in. 11. 18 mi. 3fur.5rd.4),yd. 12. 341 A. 543 sq. rd. 
13. 1 da. 12?}h. 14. 3.1". 15. 118 cu. yd. 22 cu. ft. 1800 cu. in. 
16. 81b.93 63 2D 3h gr. 17. 10°28/421", 18. 337 yd. 1 ft. 7} in. 
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19. 19da.12h.97, min. 20. 82A.923isq.rd. 21. 12.08}™; 10.001 Cd. 
22. 5 cu. yd. 22 cu. ft. 1080 cu. in. 23. 121} casks. 24. 80A.; } section. 

Page 238.—2. 90°15’ W. long. 3. 71°4/W. long. 4. 82°22/ W. 
long. 5. 84°9/, 6. 122° 24/15! W. long. 7. 95°66’ W. long. 
8. 85°5/ W. long. 9, 74°0' 51” W, long. 

Page 239.—2. 41 min. 44sec. 3. 11h.33 min. 56sec. 4. 6h. 
61 min. 48 sec. a.m. 5. 7h. 9 min. 24 sec. 

Page 240.—6. 2:h. 13 min. 20 sec. p.m. 7. 15h. 55 min. 323 sec. 
8. 3h. 28 min. 47}sec. 9. 10h. 58 min. 48 sec. p.m. of Dec. 31, 1890. 
10. 3h. 48 min. 20 sec. pat. 

Page 242.—1. 16 min. 2. 11h. 37 min, 44 sec. a.m. 3. 11h. 
51 min. 48sec. a.m. 4. 68°45! ; 71°15! ; 85°30!; 83°; 122980’, 5. 5h. 
44 min, A.M. 6. 4h. 51 min. 3 sec. a... ; 19 min. 20 sec. 7. 8h. 
34 min. 40 sec. a.m. ; standard time is 10 minutes later. 

Page 243.—1. $2.42. 2 55790 gr. 3. 22ells. 4 £3 17s. 10d. 
1.28 far. 5. 180413645 sec. 6. 384 pages. 7%. 7Tlyd. 8. 371781. 
9. 1l1111sq.yd. 10. 56demi. 11.3 doz. 12. LLof4gal.3qt. 18. gyd. 
14. 3.1™, 15. 58$ yd. 16. $340.44. 17. $69.79. 18. 18 ewt. 6 lb. 15 oz. 

Page 244,.—19. 63°43’, 20. 496doz. 21. 6.03515. 22. 80sq. rd. 
7 sq. ft. 72sq. in. 23. 18 cwt. 501b. 24. $.88. 26. 66°; 90°; 120°; 
180° ; 150°; 120°; 90°; 60°; 380°. 27. 600 bu. 28. 4h. 54)4 min. ; 
4h. 5, min.; 4h. 13y,min. 29. $34.18. 30. $50.91. 31. 42240 
times more. $2. $13.25. 

Page 245. —33. 863.6m™™, 84. 592 lb. 85. 13 Ib. 8 oz. 313 gr. 
36. .1 rd. 37. 8 ft. 38. 5} ft. 39. 2.275 T. 40. 4 bu. 5} qt. 
41. 80 lb. 2 pwt. 19.2768 gr. 42. $84.50. 43. li caratsfine. 44. } pure; 
1 alloy. 45. Elder, 203 A. 94 sq. rd; younger, 18] A. 34 sq. rd. 
46. 2.98 mi. 47. 13 A. 60 sq. rd. 18 sq. yd. 2.56 sq. ft. 48. $79.64. 

Page 246.— 49. $26.05. 50. $7inearly. 51.$1b.54%0z. 52. 28,6 
bunches. 58. 14239 hhd. 64. 3h. 64 min. 40sec. 55. He had come 
from the East 16°43’, 56. 108.8578+ bu. 57. 165.5807+ Imperial gal. 
58. 424.98775 A. 59. 388A. 91} sq. rd. 60. $653.76. 61. 16 wk. 6+ da. 

Page 247.—62. $5640.58+. 63. 5850 sq. ft, boards. 64. 29937 gal. 
65. 3A, ft. 66. 37.2829+ mi. 67. 12min. 68. 396 lots. 69. 156 sq. rd. 
70. 4432 Pch. 71. 18°3! 48.6". 

Page 249.—8. 531 bd. ft. 4. 03} bd. ft. 6. $4.20. 7. 316 bd. ft. 
8. $15.75. 9. $614. 10. $1.06. 11. $9.90. . 

Page 250 (§ 417).—12. $9.43. 13. 396 posts; 11880 sq. ft. of 
lumber ; § 274.82, cost. 

(§ 418.) —2. 103 ft. 8. Oft. 4. 6in. 5. 16in. 6. 10in. 
7. 165 ft. 

Page 251 ($ 419).—2. 13} ft. 8. 654 bd. ft. 

(§ 421.) —2. 52.92 bd. ft. 8. 97.59% bd. ft. 4, 443.52 bd. ft. 
5. 189 bd. ft. 6. 152.6175 bd. ft. 7. 200.8125 bd. ft. 8. 166.82 
bd. ft. 9. 141.12 bd. ft. 
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Page 253 (§ 427).—2. 31279 bricks, 

(§ 428.) —1. 60 Pch. 2. 497, Pch. 8. $423.63, 4. $3276. 
5. $126. 6. $471.67. 

Page 255.—1. 139,284 bu. 3. 15 ft. 4. 573 bu. apples ; 72 bu. 
barley. 5. $1920. 6. $173.25. 7. $323.84, 8. 39,9; bbl. 
9. 8} T. 10. $861.13. 

Page 256 ($431). —11. $27. 12. $23.26; $21.08. 18. 7 T. 62} lb. 

(§ 432.) —2. 404} cu.ft. 3. 548hhd. 4. 35009) gal. 5. 5 ft. 
7Zin. 6. G80f, gal. 7. 604.8 cu.in. 8. $43.09. 9. 479 gal. 

Page 257 (§ 432). —10. 537, bu. 11. $22.80. 12. 235245 gal. 

(§ 433.) —2. 99.144 gal. 8. 120.0948 gal. 4. 717.1008 gal. 
5. 12.94992 gal. 

Page 258.—2. $30.49. 8. $6.08. 4. $19.32. 

Page 260.—2. 20 rolls. 8. $10.50, 4 24 rolls. 5. $11.20. 
6. 22 rolls. 7. $54.75. 8. $22.95. 9. $16. 

Page 261.—2. 36 yd.; 36 yd. 3. $60.05. 4. $59.50. 5. 28m, 

Page 263.—5. 100°C. 6. 100°C. 7 ~—28§°C. 8 -— 265°C. 
9. 263°C. 10. 16§9C. 11. —194°C. 12. —433°C. 18. 212°F. 
14. 212°F. 15. 32°F. 16. 32°F. 17. 14°F, 18. —1}°R. 
19. 2453°F. 20. 1613°F. 21. 12§9R. 22. 52°R. 28. — 253°R. 
24. 64°R. 25. —24°R. 26. 302° R. 27. 80°R. 28. 80°R. 
29. 95° F.; 28° R. 80. 997,° F.; 37,37,9 C.; 2922° R. 

Page 265.—3. 2cum, 4. lcu. ft, 5. 8 cu. ft. 6. 36cucm, 

Page 266.—3.84Sp.G. 4.2.65Sp.G. 5. 2.26Sp.G. 6. 8.4Sp.G. 

Page 267.—38. .72Sp.G. 4. 85Sp.G. 6. 2.7Sp.G. 6 1.19 
Sp. G. 7. 1.03 Sp. G. 8. 2.79 Sp. G. 9. 11.86 Sp. G. 

Page 268. —3. 1392,'; lb. 4. 36562} lb. 5. 7205.75T, 
6. 1.1816+ oz. 7. 2934} 0z. 8. 611%s. 9. 62.82Ks. 10. 740.626 lb. 
11. Oil, 65 1b. heavier. 12, 12008. 13. 13478.125 lb. 

Page 269.—3. .71+ cu. ft. 4. 1136,4,cu dm, 5. 34, = 
6. 43,gcum, 7. 8/7; cu. ft. 8. 1663cu dm. 9. 40 cm, 
10. 1101. 11. 7 cu. ft. 

Page 272.—1. 2. 2. 7. 8. 483. 4. FY. 6. 4h. 6. 3. 


egy i8. 18%. 9) 223, 10: 168}, 11. 33. 18. fy. 
Page 275.—1. 65. 2.120. 3.5. 4 60. 5 12 6. } 
7. 8}. 8 197A. 9 13iyd. 10. 386A. 120sq.rd. 11. 2}70z. 
12. 7b. 11 oz. 13. 1 hhd. 14. $9034}. 15. $601.20. 
16. $20}. 17. 401 yd. 
Page 280.—3. $50. 4. $59,375. 5. 70 bu. 6. 225 bbl. 


71. $60. 8. $4.269+-. 9. $21. 10. $5446.62+. 11. 5 men, 
12. $15.3875. 18. 202.10 pwt. 14. 2h. 46 min. 30sec. 15. 4 bu. 
16. $3990.72. 17. 246.75. 18. 273951 da, 

Page 281. —19. 2 yr. 9 mo. 10 da. 20. ‘593 da. 21. 113} ft. 
22. $7.08. 23. 142 da. 24. 210 A, 25. 60 men. 26. $802.86. 
27. $1750. 28. $5.83} per bbl. 29. 15}h. 30. $3.45. 31. $35,838. 
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Page 285. —3. 10 horses. 4. 12,da. 6. 19.7 da. 

Page 286.—6. 259.2 da. 7. 44 da. 8. $42.89. 9. $64.26. 
10. 3240 bricks. 11. 384 bbl. 12. 22 da. 18. $185. 14. Ty ft. 
15. 40}0 A. 16, 2181 da. 

Page 288.—4. 25; 35; 45. 5. 6; 12; 18; 24; 30; 36. 6. 111; 


222; 333. 7. Wife, $42000; son, $14000; daughter, $7000. 
8. $25000; $12500; $75000. 9. A, $24000 ;- B, $16000; 
C, $12000. 10. A, $75.87; B, $84.29; C, $101.15; D, $170.69. 
ll. B, $1820; C, $880; D, $440. 12. A, $900; B, $1260; ©, 


$1400; D, $2800; FE, $165; F,$275. 18. Elder, $2892.60; younger, 
$ 2571.20. 14. A, $7680; B, $10240; C, $2560. 

Page 290.—2. A, $360; B, $540; C, $900. 

Page 291.—3. A, $2538.45; B, $1483.05; C, $3868.49. 4. B, 
$150; C, $225. 5. A, $1730.77; B, $2215.38; C, $2053.85. 6. C’s 


stock, $20000; A’s gain, $336; B’s gain, $604. 7. A, $6000; B, 
$8402.25; C, $5055.75; D, $3042. 8 A, $1768.40; B, $2930.67; C, 
$4102.93. 9. A, $1285.62; B, $857.08; C, $428.64. 10. A, 


$120.45; B, $240.90; C, $602.25. 

Page 293.—2. A, $102; B, $148.80; C, $96.80. 3. A, $22.50; 
B, $15; C,$18. 4 $1062. 5. A, $604.71; B, $167.49. 6. Ist 
company, $282.82; 2d company, $418.99; 3d company, $483.94; 4th 
company, $314.25. 1% A, $1714.29; B, $2285.71. 8. B, $3228.07; 
C, $5258.15; D, $6513.78. : 

Page 294.—9. A,.$5700; B, $3760; C, $1340. 10. A, $4332; 
B, $4075.50; C, $5937.60. 11. B, $2250; C, $5625. 12. Bs stock, 
$5200; C’s time, 15 mo. 18. W. Gallup, $2106; M. H. Decker, $1300; 
J. Newman, $ 982.80. 

Page 297. —4. 7 A. from each of first two tracts, and 10 A. from the 


other. 5. 3 yd. @§.60, 2 yd. @ §.50, Ll yd. @ $.42, Lyd. @ $.38, 
and 3 yd. @$.30; or 1 yd. @$.60,10 yd. @ $ .50, 5 yd. @ $42, 5 yd. @ 
$ .38, l yd. @ $.30. 6. 15 bu. @ $.56, 2 bu. @ $.40, 3 bu. @ $ .60. 


7. 3 parts of $ pure, 3 parts of § pure, 20 parts of pure. 8. 3 of 75%, 

4 of 80%, 20 of 98%, 15 of 99%. 

Page 298.—2. 1 gal. each @ $.25, $.35, and §.38, and 4 gal. @$.28. 
8. 5 lb. each at $.07, $.08, and $.13, and 2 1b. @§.16. 4. 1 bu. each 
of oats and corn, 4 bu. of wheat. 

Page 299. —2. 10 @$16, 10 @ $18, and 60 @ $24. $. 12 yd. é 
$13, and 16 yd. @ $3. 4. 1lgal.lqt.1lpt. 6. 601b. 6. 6 gal. 
7. 20 Ib. @ $45 and 10 Ib. @ $50. 

_ Page 301.—2. 14 yd. @ $1.60 and 28 yd. @ $1.75. 8. 91b. @ 8.07 
and 1 lb. @ $.03. 4. 140 bu. 5. 23 lb. @ $.75 and 13) lb. @ $.69. 
Page 302. —2. 50 lb. @ $.20, 100 Ib. @ $.25, and 100 lb. @ $.40. 

8. 14 calves, 42 sheep, and 98 lambs. 4. 30 men, 5 women, and 20 boys, 

5. 10 turkeys, 40 geese, 70 ducks, and 20 chickens. 


ee eee ee 


520 ANSWERS, 


Page 303.—1. .08; yj,. 2. .09; r85. 8. 16; x. 4. .75; 3 
6. 15; 3. 6. 87; yoy. 7. 1.25; 14. 8. 184; 133. 9. 046; a8. 
10. .0525; 4. 11, .0875; <4. 12, .24875 ; 122. 18. .0025; xh, 
14. .0075; x35. 15. .005; +5. 16. .004; 345. 17. .113; 4. 
18. 375; 3. 19. 42%; 8. 20. .875; f. 

Page 304.—22. 63%. 28. 143%. 24. 95%. 25.12%. 26. 101%. 
27. 2%. 28. 24%. 29. 13.5,%. 80. 83%. 81. 5% 32. +45 %- 
83. 54%. 34.60%. 85.25%. 86. 124%. 37. 142%. 38. 662%, 
89. 83} %. 40. 113%. 41. 5%. 42. 81%. 43. 429%, 

Page 305.—2. 10. 8. 24.5. 4. 51.84. 5. $700. 6. 70.65 lb. 
7. 240 mi. 8. 365.25 bu. > 9: 92 men. 10. $5.91. 

Page 306 (§ 520).—11. $6048. 12. $31.39. 13. 2756.25. 14. 564. 
15. $955.80. 16. Exp., $5205 left, $ 990. 17. $9100. 18. $3435 
19. $918; $6318. 

(§' 521.) —2.3% 38 165, 4.5% 6.123%. 6.70%. 7. 75%, 
Page 307 (§ 521..—8. 8%. 9.65%. 10. 173%. 11. 60%. 12. 758,% 
(§ 522.)—2. 72. 3.360. 4. 760. 5. 46.6. 6. 345. 7. 5800. 

8. $750. 9.100. 10. $5450. 11. 4500sheep. 12. $2175. 18. $461.12, 

Page 308 (§ 522).—14. 21000 men. 15. $7800. 

(§ 523.)—2. 560. 8. $784. 4. $3392.86. 5.154890. 6. 2500 bu. 
7. 1st year, $3400; 2d year, $3570. 

Page 309 (§ 523).—8. 75. 9. $4608. 10. 33600. 11. $1200. 

(§ 524.) —2. 560. 8. $4.75. 4. 48bu. 5. 850A. 6. $7400. 
Page 310. —7. $9000. 8. $26000. 9. 8000 men. 10. A’s, $80; 

B’s, $120. 11. $800. 
Page 312. —6. $1050. 7.$1.20. 8.$.66%perbu. 9.16%. 10. $900. 


Page 313.—11. 20%. 12, 25%. 18. 12} %. 14. § 1584. 
15. $2.25. 16. Lost $4. 17. $8638.98. 18. Gained $18.42. 
19. ist carriage, $160; 2d carriage, $208. 20. 212%; $1482. 


21. $2370.37. 22. 5%. 23. Lost $200. 

Page 314.— 24. 414. 25. $48. 26. 4% loss. 27. $.718. 
28. $.51}. 29. $1.25. 30. $405. 81. $5200, cost ; $7072, asking 
price ; $5940.48, selling price. 32. 60%. 

Page 316.—4. $193.50. 5. $28.15. 

Page 317.—6. $170.19. 7. $23654.25. 8. $1041, commission ; 
” proceeds. 9. $32.19. 10. 5%. 11. 64%. 12. 14%. 

53%. 14. 2% 15. $560. 16. $85. 

Page 318. — 17. $ 20000. 18. $500. 19. 16662 yd. * 20. $2891.38. 
21. $280. 22. $3500. 23. $7000. 24. $4000. 25. $5141. 

Page 320.—2. $576; $174. 3. $250.17; $115.58. 4. $1266.16; 
$333.84. 5. $1452.36; $887.64. 6. $204.28; $55.72. 7. $8.13. 
8 $1. 9. $298. 10. $101.60. 11. $1344.63. 12. The cost is the 
same in all cases. 18. 5%. 14 5%: 15. $2.35 more profitable with 
first discounts. 
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Page 322.—3. $87.90. 4. $4.50. 5. $43.75. 6. $9776. 
7. $4080.50. 8. $472. 9. 14%. 10. $4126. 

Page 323.—11. $360. 12. $60. 18. $264.25. 14. 13% 15. 3%, 
16. $6800. 17. $8000. 18. $680. 19. $4480. 20. $9600. 
21. 40 years. 22. $9600. 28. $40590. 

Page 328.—3. $3287.45. 4. $248.80. 5. $2566.40. 

Page 329.—6. $5062.50. 7. $18250. 8. $22412.50. 9. $1337.31. 
10. $114.40 less. 11. $11813.60. 12. A, 75 years; B, 72 years. 13.5 
payments, 14. $2677.50. 15. $5000.09. 

Page 332.—3. $35.62. 4 $445. 6. $15541, 6. $79.99. 
7. $5675. 8. £% 

Page 333.—9. $.0053}; $72.48. 10. $29.56. 11. 2,3.%; $59.60. 
12. 12%; $645.86. 18. $19.96. 14. $.008+; $93.25. - 15.$401920. 

Page 335.—2. $1673.54, balance due Hayden & Co. 8. $1295, 
payable by shipowners ; $1268, receivable by A; $68.25, receivable by 
B; $41.25, payable by C. 

Page 339.—5. $71.20. 6. $819. 7. $320. 8. $695. 9. $507.80. 

Page 340.—10. $3260. 11. $839.50. 12. $126. 18. $562.50. 
14. $156.25. 15. $579. 16. 25%. 17. $2563. 18. $3100.50, 
19. $.261022; $.5261}8. 20. 85%. 21. $2500. 

Page 345. —3. $625.63. 4. $708.75. 5. $44.88. 6. $787.50. 
7. $439.38. 8. $641.25. 9. $4750. 10. $1025. 11. $1378.75. 
12. $180. 18. $779.38. 14. $437.50. 15. $67.50. 16. $348.75. 
17. $3650. 18. $721.88. 19. $437.50. 20. Gained, $75. 

Page 346.—2. 1000 shares. 3. 160 shares. 4. 250 shares. 5. 800 
shares. 6. 5200 shares. 7. 10 shares, 8. 35shares. 9. $639. 
10. 520 shares. Y 

Page 347.—2. $448. 8. 159 shares. 4. $256. 5. $270. 
6. $2985775, nearly. 7. $5750. 

Page 348 (§ 606). —8. $7086676. 9. 480 shares. 10. $900. 

(§ 607.) —2. 8%. 3. 174%. 4 14%; A’s share, $ 13.50. 

Page 349.—5. 8315%. 6. 3%. 7. 314%. 

Page 350.— 2. $948. 3. $2680. 4. $100. 5. $505. 
6. Increased, $56.55. 7. Lost, $42. 

Page 351 (§ 610).— 2. $ 13440. 8. $46428. 4. $5502. 
5. $11879.57 in U.S. 4’s ; $28769.14 in R. R. bonds. 

(§ 611.) —2. 55%. 3. 7)%. 4. Better to buy 6’s. 5. Rates off 
investment equal. 6. 34%. 7. 1;44jy;% better to invest in R. R. bonds. 

Page 352 (§ 611).—8. 545%. 9. 52%. 

(§ 612.) —2 $62}. 3.4%. 4. 163%. 5. $72. 6. $83}. 7. 20%, 
8. $80. 9. $855. 

Page 360. —2. $58.50 ; $383.50. 8. $120; $1720. 4. $.92; 


$37.76. 5. $2.55; § 257.55. 6. $5.89; $41.03. 7. $19.98; © 


$ 267.13. 8. $178.94; $900.47. 9. $1.18; $16.30. 10. $770; 
$2770. ll. $248.05; $ 1684.64. 12. $218.30; $738.30. 
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18. $1.23; $101.48. 14. $2.80; $602.80. 15. $11.03; $238.17. 
16. $12.06; $60.31. 17. $46.88 ; $796.88. 18. $158.51; 
$805.96. 19. $160.63; $13010.63. 20. $79.86; $2579.86. 
21. $28.34; $878.59. 22. $2.03; $5118. 28. $217.37; $3181.49. 
24. $24.18; $749.68. 25. $72.96; $432.96. 26. $154.27; $754.27. 


27. $190. 32 ; Me 3235.62. 28. $258, 48; $1505.85. 29. $40.83 ; 
$ 2490.83. 30. $11.69; $387. 56. 31. $597.22 ; $5597. 22° 
$2. $24.57; $ 152.22. 83. $2.43. 34. $26.70. 35. $420.01. 
36. $1.35. 37. $178.52. 38. $249.26. 

Page 361.— 39. $5019.44. 40. $18215.10. 41. $1.00. 


42. $110.96. 48. $39.89. 44. $2078.87. 45. $4615.43. 46. $42.86. 
47. $5037.22. 48. $450. 49. $11773.83. 50. $243.33. 51. $ 6830.24, 
62. $3149.83. 

Page 362 (§ 629).— 58. $182. 54. $2535.87. 55. $850.72. 

(§ 630.) —2. $2870. 3. $1500. 4. $4500. 

Page 363 (§ 630). —5. $ 25000. 6. $3789.47. 7. $70187.50. 8. $ 7000. 

(§ 631.)—2. $1700. 3. $11550.09. 4. $25 3.06. 5. $3409.97. 

Page 364 (§ 631).—6. $569.70. 7. $1297.09. 8. $2726 

(§ 632.)—2. 5% 3.8%. 4.43%. 5. 10}%, nearly. 6. 113% 
1. 25%; 162%; 123%; 10%. 

Page 365 (§ 632).—8. 100%; 40%; 284%; 165%; 10%, 9. 9} %. 

(§ 633.) —2. 2yr.20da. 8. 3yr.4mo.24da, 4 Ilmo. 5. 4 yr. 
8 mo. 6 da. 6. 33} yr. ; 223 yr. 3 162 yr.; 14% yr. ; 10 yr. to double 
itself. 100 yr.; 662 yr.; 50 yr.; 42% yr.; 30 yr. to quadruple itself. 
7. 8mo. 8. 4yr.2mo. 9. In3 yr, 6 mo. 

Page 367. —2. $464.10. 8. $7808. 4. $135. 5. $1121.48. 
6. $3002.63. 7. $2545.20. 8. $60. 9. Int., $3088; aint., $ 13088. 
10. $4975.42. 11. Int., $275.69; amt., $1125.69. 12. $144.48, 
13. $2222.67 ; $2066.67 ; $ 156. 

Page 369. —3. $196.86; $946.86. 4. $56.26; $306.26. 5. $90.84; 
$466.84. 6. $276.93; $1752.43. 7. $297.06; $2137.06. 
8. $1351.63. 

Page 372. —2. $43000. 8. $5350. 4. $60000. 

Page 373 (§ 641). —2. $6847.34 ; $1797.28. 3. $5000; $788.125. 

(§ 642.)—2. 3%, 3. 6Y,. 

(§ 643.) —2. 13 yr.,3mo., 18da. 3.2) yr.nearly. 4. 11 yr. 10 mo. 21 da. 

Page 376.—3. $780.86. 4. $242.26. 

Page 377.—5. $1344.35. 6. $292.83. 7.$917.23. 8. $455.67. 

Page 378.—2. $310.80. 3. $355.16. 4. $729.54. 

Page 381.—2. $109.08. 3. $ 215.27. 

Page 383.—2. $375. 3. $32.83. 4. $308.38. 5. Gained, $288.10. 


6. $76.94, gain ; $4030.35, whole loan. 7. $3.41. 8. $401.28. 
9, $1469.53. 10. $ .16, difference in favor of $4.25. 11. Nothing 
is gained. 


Page 387.—2. $8.18; $1478.82. 3. $378.54. 4. $38.65. 
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Page 388. —5. Due Nov. ®/o9; 95 days ; $1931.38. 6. Due July 18/2); 
74 days; $1053.59. 7. Due Aug. »/93; 49 days; $776.18. 8. §$.84. 

Page 389.—2. $1288.53. 8. $5078.72. 4. $281.04. 5. $1526, 
6. $564.92. 7. $1205.52. 8. $593.70. 


Page 390 (§ 679).—2. 6,23, %, 3. 2525, %, 4. 12434%,. 

5. 53 P53 SPs %; THs % 5 1019% 3 13) % 

" G ea ASTET% 5 OLELE%s OLhSPE%; OLATE%. 3. THT % 
ver for 


Page 392.—2. $251.28. 

Page 393.—3. $116.20. 4. $415.60. 5. $323.44. 6 $81.95. 

Page 398.—4. $5400. 5. $ 2902.50. 6. $4794. 7. $532. 
8. $1308.39. 9. $7350.75. 10. $11.73. 

Page 399.—11. 80 shares. 

Page 401.—5. $2922.65. 6. $1047.48. 7. $612. 8. $465.12. 

Page 402. —9. $1591.79. 10. $1129.94. 11. $2321.79. 12. $2106. 
13. $3770.75. 

rage 403. — 4. £1543 4s. 2d.1 far. 5, 1664.18 reichsmarks. 6. 25360.46 
. t. 88252, guilders. 8. 17066.67 reichsmarks. 9. £2000. 
£574s, 11. 18947.37 reichsmarks. 12. £1534 2s. 1d. 2 far. 

Page 404.—13. 11275 milreis. 14. $4.8665. 15. $12.80. 16. $.95$5. 

Page 407.—4. $1830.69. 5. 18792.1 crowns. 6. $9.24. 7. § 94.31. 
8 5.10. 9. 1809.68 guil. 

Page 409.—2. 62 days; Mar. 3, 1892. 

Page 410.—3. $.48. 4. Smo. 5. Aug. 24. 

Page 412.—2. Apr. 20, 1896. 3. Jan. 21, 1896. 4. April 4, 1897. 
5. Nov. 7, 1895. 

Page 415.—4. June 22, 1896. 

Page 416.—5. Aug. 17,1895. 6, 43 da. 7. March 20, 1895. 8. Aug. 
80. 9. Dec. 15. 10. $900 payable July 28. 11. Ist payment, June 28 ; 
2d payment, Aug. 27. 

Page 419.—2. $462.90 due May 8, 1895. 3. $3470.25 due March 3, 
1894. 4. $3684.27; July 10, 1895. 5. $10785; May 5, 1896, 

Page 421.—2. $1196.67. 8. $580.38. 4, $2055.59. 5. $1049. 

Page 424 (§ 733).—8. 6241. 4. 614125. 5. 16587.064. 6. 2102600. 
1. T9659%5. 8. 1048576. 9. 083453453. —«-10.:1.340095640625. 
11. .000000000059049. 12. 368.691178934721. 18. 343. 14. 1574. 
15. 1520875. 16. 2023.37890625. 17. 5§. 18. 1871688 7,2" 
19. 1728000000. 20. 1440000. 21. 7600. 22. 72. 28. 2734. 

(§ 734.) —2. 1296. 8. 4225. 4. 1521. 5. 3364. 6. S464. 7. 6084. 
8. 4761. 9. 9409. 10. 5829. 11. 11881. 12. 24649. 18. 75626. 

Page 425.—2. 19683. 8. 74088. 4. 140608. 5. 493039. 6. 1520875. 
7. 2744000. 8. 20570824. 9, 184220009. 10. 230346397. 11. 988047936. 

Page 426.—1. 2times. 2.40 ft. 3. j;asloud. 4. 25 times. 5. 100 1b. 
6. 5 timesas far. 3. y,lb. 8.4 times. 9. 12 ft. from electric light and 
4 ft. from gaslight. 
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Page 428. —2. 8; 24; 81. 3. 9; 14; 21; 15. 4. 15; 16; 17. 
5. 17; 20; 29. 6.3; 4; 5;6. 7. 3; 4;5. 8 3;4;5. 9.3; 435. 

Page 433.—4. 502. §. 12345. 6. 7502. 7. 2350. 8. .116. 
9. 103.9. 10. 7.624. 11. .00563. 12. 3452. 18. 59049, 14. 5464, 
15. 74089.97+. 16. 1.73+. 17. 2.85+. 18. 3.16+. 19. 62.11342. 
20. 189. 21. 225. 22. .116. 28. .3452. 24. .143. 25. 1}. 26. 202500. 
27. 178. 

Page 434. —2. 5.65¢%542+. 8. .707107+. 4. 2.563479+. 
5. 1.156817+. 6. 1.0188+. 

Page 436.—2. 43.30+ ft. 3. 235 men. 4. 435 times. 5. As1:4, 
6. lo yd. 7. 160 rd. 8. 75ft. 9. 56.64 ft. 10. 93.7+ rd. 

Page 437.—11. 75 yd. 12. 20 ft. 18. 28.284271+ ft. 14. 77.63+ rd. 
15. 7.07106+ ft. 16. 3000 ft. 17. $75. 18. 23.23 ft. 19. 54. 20. 84. 
21. 28. 22. 48. 28. 4. 24. 28. 25. 54.15+ ft. 26. 32.86 lb. 

Page 443.—2. 75. 3. 354. 4. 45. 5. 3.128664. 6. 4.8076+4. 
7. .17099+. 8. 1.7099+. 9. 1.5874+. 

Page 444. —10. 4968. 11. 8. 12. 1156. 18. 33. 14. 24986+. 

Page 445.— 2. 2.8844992+. 3. 22.894801334+. 4. .555554730+. 

Page 446 (§ 763).—5. .9410354. 6. 1.057023+. 4%. 1,084715+. 
8. .820826686 +. 

(§ 765.) —1. 31250 cu. in. 2. 64 lb. 3. 417 times, 4. 11 ft. 
5. 6ft. 6. Gift. square. 7. 4.26 ft. x 4.26 ft. x 8.52 ft. 324 

Page 447.—2. 43. 8. 274. 4, 32. 5. 643. 
7. 1.2624+. 8. 1.2950+. 

Page 449.—3. 2.60517. 4. 1.1006. 5. 3.8646, 6. 1.1978. 
%. 1.20226. 8. 1.5797. 9. 3.0029. 10. 4.0015. 11. 4.0006. 
12. 1.6437. 

Page 451.—2. 58. 3. 15. 4. 33. 5. 149. 

Page 452 (§ 779.)—6. 16. 7. 7}%. 8. 53cents. 9. 10}. 
10. 60 miles. 11. $408. 

(6c780)}) = 2) 12, 8h. gi. 4-8, 

Page 453 (§ 780).—5. 2years. 6. 1}. 7. 3mi., 3} mi., 4 mi. F 
4} mi, 5 mi. 5} mi., 6 mi., 64 mi., 7 mi., 7} mi., 8 mi., 8} mi., 9 mi, 
9}mi. 8. 7. 9. .00714285. 10. 4%. 

(§ 781)—2. 16. 

Page 454 (§ 781).—3. 6. 4. 5Grods. 65. 4. 

(§ 782.) —2. 222. 3. 78 strokes. 4. $32448. 5. 20200 yd. 

Page 455.—1. 125000. 2. $1485; $50. 8. 133. 4, 288. 
5. 650 mi.; 20 mi. 6. 16084 ft. 7. 10da. 8. $20; $164. 9. 30; 72. 

Page 457.—2. 6144. 8.3. 4 725. 5. ok. 6, 256 cents. 
th aging — Ge BOT OF SBE RE Ste 

Page 458 (§ 790).—2. 4. 3. 3. 4 5. 5. 40; 200; 1000. 6 5. 

(§ 791.)—2.7. 8.4. 4.8 6.6. 

Page 459.—2. 765. 3. 1295. 4. 774%. 5. 16. 6. 728. 7. 349524. 


8. 242. 
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Page 460 (§ 792).—9. }. 10, 1275. 11, 7775. 12, $ 10930. 
18. $682. 14. 26150883005. 15. 682. 

(§ 793.) —2. 280. 3. 468. 

Page 461 (§ 793).—4. 986.494. 5. 3124. . 6. $531440. 
%. 12282 persons. 

(§ 794.) —2. 7. 3.2. 4 4. 

Page 462. —2. $441.86. 8. $1035.20, 4. $8390.62. 5. 3 yr. 
. 9.05 % 7. $100. 

Page 465.—3. $3819.75. 4.6yr. 5.7% 6. $1292.81. 

Page 467.—5. $6590.40. 6. $7357.11. 7. $2791.18. 8. $1182.05. 
9. $300. ‘ 
Page 471.—2. 77.12 sq.in. 8. 18.11875sq.in. 4. 769 sq. ft. 
Page 472.—2. 600sq. ft. 3. 428;sq. ft. 4. 22 A.6 ch. 18.45 Pch. 
. $449.07. 6. $147. 7. 210 sq. ft. 
Page 473 (§860).—2. 4} ft. 8. Base, 13 in. 4. Alt., 28 rd. 
Base, 672 rd. 55, yd. 6. Alt., 8h ch. 7. 50rd. 

(§ 861.) —2. 111.8 sq. ft. 3. 13 A. 41.76 sq.rd. 4. 349.07 sq. ft. 
. 2015.67 sq. rd. 6. 247.87 sq. in. 

Page 474.—2. 26ft.7+in. 8. 33.97+ ch. 4. 35.354 ft. 

Page 475.—2. di yd. 3. 360ft.6+in. 4. 15 ft. 

Page 476.—2. 84 sq. ft. 3. 5} A. 4. 218200"@. 56, 3° 5%, 

Page 477 (§ 876). —2. 11178 sq. ft. 3. 283sq. ft. 4 2A. 

(§ 877.) —2. 381.625 sq. ft. 3. 17 A. 181.4 sq. rd. 

Page 478. —3. 17 ft. 3 in. 4. 15 ft. 10.98 in. 5. 5 ft. 10.56 in. 
6. 24 ft. 44 in. 7. 26 ft. 8+ in. 8. 5 ft. 9. 7926.579 + mi. 
10. 62.832 ft. 11. 7 ft. 3.96 in. 

Page 479.—4. 318.3A. 5. 114.59 A. 6. 176.715%°m, 7. 8 sq. ft., 
104.64 sq. in. 

Page 480.—3. 7rd. 4. 19.09 ft.; 59.07 ft. 5. 14.27'rd. 

Page 481 (§ 884).—2. 141.42 ft. 8. 23.4 yd. 4. 64 sq. ft. 
5, 1.99996 + sq. ft. 6. 962.115 sq. ft. 7. 5 yd. 8. 32 ft. 9, 307.88—rd. 
10. $70. 

(§ 885.) —2. 32.9868 sq. ft. 8. 796.3956 sq. ft. 4. 285.62 sq. rd., 
area of land; 78.54 sq. rd., area of water. 

Page 483. —2. 70.686 sq. in. 3. 56.5488 sq. in.; 106.8144 sq. in. 

Page 484 (§ 891).—2. 28.28 ft. 3. 7} ft.; 4; of the lawn. 

(§ 892.) —2. 67.08 ft. 3. 294.525 sq. ft. 

Page 485.—2. 20ft. 3. 15 ft., minor axis; 20 ft., distance between 
foci. 4. 26.44 in. 

Page 486.—5. 369rd.x 123rd. 6. 3.5in. 7. 221 ft.; 238 ft: 
255 ft. 8. 653.4sq.in. 9. $75. 10. 23.237 ft. 11. 126,78 rd. 

Page 487.—1. 36 it. 2. 1444 sq. ft. 8. 21 rd, by 63 ri 
4. 561+ sq. ft. 5. 87 ft. 6. $185.63. 7. 35.35+ ft. 8. 251. 
9. 103) ft. 10. 17.88ft. 11. 3in. 12. 5100 men. 

Page 488. —13. 93} ft. 14. 403.7 rd. 15. 12.87 rd: 16. $5812.5( 
17. 560.4% times. 18. $82.40. 19. 5A. 20. $724.75. 21. 20f 
22. 369.8784 sq. ft. 28. 60 mi. 24. 6 in. 


a 


oa 
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Page 490.—4. 207.34 sq.ft. 5. 168] sq. ft. 

Page 491 (§ 905).—6. 263.894 sq. ft. 7. 301.176 sq. ft. 

(§ 906.) —8. 385.875 cu. ft. 4. 31.8+ cu. ft. 5. 11.1em 
6. 2748 cu. ft. 7. $27. 8. 73.63+ cu. ft. 

Page 492. —2. 10 it.; 15 ft.; 20 ft. 8. 24 ft.; 32 ft.; 40 ft. 

Page 493.—38. 429.25 sq.ft. 4. 512.9 sq.ft. 5. $25. 

Page 494 (§914).—3. 39.27 cu.ft. 4. $29.23. 5. 192000 cu. it. 
volume ; 22284.6 sq. ft., surface. 

($ 915.) —2. 345 sq. ft. 3. 2563 sq. yd. 

Page 495.—2. 58.11+ cu. ft. 3. 38.125 cu. ft. 

Page 496 (§ 921).—2. 804.25 sq.in. 3. 314.16sq. ft. 4. 12.5664 sq. ft. 

(§ 922.) —2. 14137.2 cu. in. 3. 623.6 cu. yd. 4. 523.6 cu. ft. 

Page 497.—1. Edge, 13.2287+ ft.; vol., 2315 cu. ft. 2. Di fe: 
Tin. 8. 27 globes. 4. 1494.25 gal. 5. $5.46. 6. 576 ft. 7. 89.9 bbl. 

Page 498. —8. 81 cu. ft. 9. 1 cu. ft. 469 cu. in. 10. 17.32+ in. 
11. 259383411782.8608 cu.mi. 12. 40 bd. ft. 7}in. 18. Vol. of sphere, 


1 cu. ft. 659.5 cu. in.; vol. of cube, 1 cu. ft. 14. 1734 sq. ft. 
15. 6 ft. 8.5 in., width and depth ; 17 ft. 1.5in., length. 16. 144 oz. 
17. 5h. 26 min. 24 sec. 18. 6 ft. 19. 216 cwt. 20. 12.56 ft. 


21. 3in. 22. 53.855 bu. 

Page 499. —1. 12.96 M. shingles. 2. 2.80577 mi. 3. 144j. 4. 2. 
5. 60. 6. 4h. 48min. p.m. 7.6%. 8. 16h. 9. No difference in states 
where grace is not allowed ; $.19, where grace is allowed. 10, $ 13500. 
VW. $3 $5 $553 Sh5305 $5558. 12. $547.50. 

Page 500. —13. $896.95. 14. A’s, $912; B’s, $666; C’s, $550. 
15. Noy. 8. 16. 81} da. 17. 348 mi. 18. $2.21. 19. 25% 
20. 7mo.15da. 21. 42),%. 22. 182.53375; 182.46625. 23. $104.15. 
24. $16170. 25. His income is $333.33 less. 

Page 501. — 26. $2104.23. 27. 1200 peaches. 28. 570rd. 29. 34 ft. 
80. 25 sheep; A, $18; B, $32. 81. 6, h- “s $291.60. 33. 90 
leaps. 34. 5) da. 

Page 502.—35. Ist, $2686; 2d, $2158.39; 3d, $2374.24; 4th, 
$1381.37. 86. 228 shares, and $60 left over. 37. 80 bbl. 38. 1st, 
$63; 2d, $36. 39. 70 lb. 40. Worked, 56 da.; was idle, 4 da. 
41. $451.53. 42. 162 gal. 48. 4h. 30min. 44. 60%. 

Page 503.—45. Cost, $2266.67; S. P., 2436.67; Ask. P., $2833.33. 
46. 6 ft. 5.5+ in. 47. 168 mi. 48. 42252 bu. 49. 642. 50. $5. 
51.12da. 52. lin4dyr.; 7in 29 yr.; 8in 33 yr.; 31 in 128 yr.; 39 in 
161 yr.; 655 in 2704 yr. 53. 34%. 54. $481.37. 

Page 504.— 55. Peach, $.03; apple, $.02. 56. 2d, $4444.44; 3d, 
$5555.56. 57. 75y%, hhd. 58. 1440 da. 59. 7,%% 60. $29097.50. 
61. 7 oxen; 14 cows; 42 sheep. 62. $32894.73. 63. $9.59. 
64. 27 min. 167; sec. past 5 o’clock. 
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Page 505.—65. $7.60. 66. 45.34 rd. 67. 24000 men. 
68. $1008; $1296; $1844. 69. 42 rd. x 26 rd.; 136 rd. of fence, 
70. 11,%%\7, da. for all; B can do work in shortest time. 71. Ist, 


$105.26; 2d, $157.90; 8d, $236.84. 72. $2400. 78. $10489.46. 

Page 506.—74. $1.062. 75. $173.85. 76. $1996.09. 77. Eldest, 
$22080.27; second, $ 12329.51; institution, $ 15590.24. 718. 23 da, 
79. $1298.66. 80. 39445 sq. yd. 


